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FOREST PATHOLOGY’ 


By Dr. ERNEST E. HUBERT 
PROFESSOR OF FORESTRY, SCHOOL OF FORESTRY, UNIVERSITY OF IDAHO 


Forest pathology is a comparatively new branch of 
forestry science in the United States, yet within the 
brief span of its development in this country and in 
other countries of the globe there has been an impos- 
ing amount of literature contributed on this subject. 
Like the science of bacteriology, forest pathology 
emerged from a cloudy mass of misunderstanding then 
known as the theory of spontaneous generation and 
began a comparatively rapid development leading to 
its present height. 

It is not strange that in the period when living 
organisms of a low order associated with putrefaction 
of matter, fermentation and disease of man, beast 
and inseet were believed to have originated spon- 
taneously that the same theory should be applied to 
the lower organisms found associated with the decay 
of wood and with tree diseases. In 1833, Theodore 
Hartig, a forester and professor at Braunschweig in 

‘Presented before the Symposium on Forest Trees, 


Pacific Division of the American Association for the Ad- 
vancement of Science, at Eugene, Oregon, June 19, 1930. 


Germany, was the first investigator to study and 
record the occurrence of mycelium in wood. Under 
the influence of the Ungerian period he concluded that 
the organisms represented by these fungous threads 
developed by means of spontaneous generation from 
the rotted wood. He described this as the “breaking 
up of cell structure into balls or monads which later 
form rows and fuse to form fungus hyphae.” 
Although an erroneous concept this was the beginning 
of forest pathology. 

The early work in a newly occupied forest area is 
often given over to a survey or inventory type of 
inquiry which is frequently mycological in nature. 
This is an essential part of the knowledge of the tree- 
inhabiting fungi found in any forest area. Since 
much of the mycological ground has been broken in 
the earlier development of forest pathology, there 
remains relatively less to be done in the future, and a 
greater share of the pathologist’s time will presumably 
be devoted to the pressing problems in forestry that 
call for pathological study. 
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_ The introduction into this country of epidemic types 
of tree diseases, such as the chestnut blight and the 
white pine blister rust, developed for the emergency 
period a combat or battle front type of pathologist 
who gave much thought to control methods. The 
rapid spread and destructive action of the chestnut 
blight fungus left little time for long period investi- 
gations, and such work had to be deferred until emer- 
gency control measures covld be put into effect. The 
blister rust, slower moving and pvesenting an easier 
problem on account of its heteroecism, y2ve more 
opportunity for experimentation and investigation. 


_ The data obtained from studies made on this disease 


in the eastern states have proved of immense value in 
formulating control plans to check the invasion of the 


rust into the white pine regions of the western forests 


during the years from 1921 to 1929. 

The earlier developments in forest pathology, there- 
fore, were somewhat influenced by the introduction of 
these two destructive diseases into our eastern forest 
regions, and by the field studies of the wood-rotting 
and bluing fungi. During this earlier period were 
laid the foundations for the studies in the physiology 
of fungi and the beginnings in wood pathology. 
Mycological contributions were well represented, and 
some excellent work on the control of seedling diseases 
left its mark. 

The application of forest pathological principles to 
the forestry problems peculiar to our country was 
first made by Dr. E. P. Meinecke, whose “Forest 
Pathology in Forest Regulation”? sounded the keynote 
in forest sanitation and forest hygiene. This able 
analysis of our problem in tree diseases, particularly 
applicable to the virgin and newly logged areas of the 
West, was soon followed by systematic studies of the 
decay factor in our timber stands in various parts of 
the country.’ 

The general trend is in the direction of more de- 
tailed and well-controlled investigations covering all 
fields of forest pathology with emphasis upon the 
problems presented by the epidemics in our forests 
and the part played by pathology in the regulation 
and management of our federal, state and private 
forests. The demand for solutions to the many prob- 
lems confronting the lumber industry and the need 
for conserving our timber supply by preventing the 

2 E. P. Meinecke, ‘‘ Forest Pathology in Forest Regu- 
lation,’’ U. S. Dept. Agr. Bul., 275: 1-62, 1916. 


3 J. R. Weir and E. E. Hubert, ‘‘A Study of Heart 


Rot in Western Hemlock,’’ U. S. Dept. Agr. Bul., 722: 1- 
39, illus., 1918; ‘‘A Study of the Rots of Western White 
Pine,’’ U. S. Dept. Agr. Bul., 799: 1-24, 1919; J. 8. 


Boyce, ‘‘The Dry-Rot of Incense Cedar,’’ U. 8. Dept. 


Agr. Bul., 871: 1-58, illus., 1920; ‘‘A Study of Decay 
in Douglas Fir in the Pacific Northwest,’’ U. 8. Dept. 
Agr. Bul., 1163: 1-18, illus., 1923; ‘‘Decay and Other 
Losses in Douglas Fir,’’ U. 8. Dept. Agr. Bul., (in 


press), 1929. 
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waste in forest products brought about by decay ang 
stain is making itself felt, and a well-rounded inves. 
tigative program is being followed by federal and 
other agencies. 

A keener consciousness of the need to guard against 
the introduction to the United States of tree diseases 
common to foreign countries is being developed and 
steps are being taken by the federal agencies to obtain 
knowledge of the causal fungi beforehand so that 
epidemics similar to the chestnut blight and the white 
pine blister rust may be avoided. We have another 
potentially destructive disease recently introduced 
from Europe and becoming dangerously active on our 
native conifers in the New England states. This new 
menace which threatens our vast western forests as 
well as the eastern is the European larch canker, so 
destructive to European larch that this tree has almost 
ceased to be grown in Germany. Fortunately, quick 
and determined action on the part of federal and state 
agencies has resulted in the eradication of all the 
trees known to be infected in the New England region. 

The earlier work in forest pathology was confined 
almost entirely to the etiology of a given disease and 
to the descriptions of causal organisms, with little or 
no attention given to the effect of the agency upon 
the tree. Later on, more attention has been directed 
to the effect produced on the host, but it has been 
largely a study of the effect upon the individual tree 
rather than an economic study of the losses, both 
present and future, occurring in the forest as a whole. 
Meinecke* has stressed this point in a discussion of 
forest pathological problems, and although he states 
that no standards exist by which the relative impor- 
tance of a certain disease may be determined, yet not 
all forest tree diseases can be of equal importance 
with respect to their destructiveness. 

The relative importance of any particular forest 
disease or damage must always be measured in terms 
of the economic loss produced. As the factors of most 
weight in judging the importance of tree diseases, 
Meinecke lists the economic value of the species 
affected, the character of the injury and the aggres- 
siveness of the agency of disease. Many of the dis- 
eases common to our forests are of ne great economic 
importance—the actual losses over a period necessary 
to grow a crop of timber being very small. Such dis- 
eases may cause serious damage to individual trees 
only and so may be regarded in the light of pests, or 
diseases of minor importance. 

The fact that some of these enphytotic diseases act 
as thinning agents in crowded stands® reduces to some 


4E. P. Meinecke, ‘‘Basic Problems in Forest Pathol- 
ogy,’’ Jour. For., 15: 215-224, 1917. 

5 E. P. Meinecke, ‘‘The Evaluation of Loss from Kill- 
ing Diseases in the Young Forest,’’ Jour. For., 26: 


283-298, 1928. 
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extent the total damage they do. However, tree dis- 
eases should never be regarded as beneficial factors 
in a stand, for with the swift changes that are being 
prought about in our timbered regions due to rapid 
removal of timber by fire, logging and other means, 
there is no assurance that the particular disease in 
question may not, under favorable conditions, become 
epidemic in its nature and sweep over an entire area. 

One investigator concludes that the fungus, Cenan- 
gium abietis, attacking the lower branches of Pinus 
ponderosa in the southwest regions acts as a pruning 
agent and assists the tree in clearing more rapidly 
the lower trunk, thus improving the value of the trunk 
for saw log purposes.° This fungus, it is stated, is 
weakly parasitive, attacking only those branches in 
the lower crown which have been weakened by drought 
or other causes. 

A large number of leaf and twig diseases cause 
minor damage in a stand. There are certain needle 
diseases, however, which in favorable years take on 
the nature of an epidemic and cause sufficient eco- 
nomic loss to be classed as important. Forest tree 
rusts have been observed to increase in favorable years 
and to cause an increased amount of damage. 

The two most important causes of native tree dis- 
eases are the mistletoes (Phoradendron and Razoum- 
ofskya) and the fungi. The latter include the para- 
sitie leaf, twig and stem diseases; the heartrot and 
saprot fungi and the rust fungi. By far the greatest 
economic damage is produced in standing timber by 
the decay organisms, the heartrot and saprot fungi. 
Trees killed by parasitic agencies may be salvaged if 
cut soon enough, but there is little or no salvaging 
of the portion of a tree trunk infected with decay- 
producing fungi. 

The startling fact that the enphytotic diseases are 
all native to this country and that the epiphytotic 
diseases are those which have been introduced to us 
from foreign countries again emphasizes the need for 
more careful and effective preventive methods and 
quarantine regulations in order to prevent these unde- 
sirable and very destructive diseases from crossing our 
borders. 

The white pine blister rust, the chestnut blight and, 
potentially, the larch canker are the most important 
of all our tree diseases, judging them by the damage 
produced, the species of tree involved and the com- 
paratively brief periods of attack. And all three of 
these diseases have been brought to us from foreign 
countries. 

Economic Lossrs 

It has been pointed out that there are a few tree 

diseases of major importance and many of minor im- 


SW. H. Long, ‘‘Self Pruning of Western Yellow 
Pine,’’ Phytopath., 14: 336-337, 1924. 
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portance in our forest areas. This distinction, 
although based mainly upon the relative value and 
accessibility of the tree attacked and upon the amount 
of damage produced by the disease agency, is pri- 
marily judged by the direct economic loss measured 
in terms of timber capital lost. Protection of forests 
and conserving water and game for our use and 
recreation also possess a distinct value, although their 
value in terms of merchantable products may be nil. 
Our present timber capital consists of 138 million 
acres of virgin forest, 250 million acres of second 
growth and 81 million acres of potential forest now 
classified as waste. In this remaining stand we have, 
in saw timber and cordwood, about 740 billion eubic 
feet. The drain on our forests amounts to something 
over 25 billion cubic feet annually, and our supply 
of softwood saw timber alone is being cut 8.6 times 
faster than we are growing it. Our annual growth 
of timber is approximately 6 billion cubic feet. If 
we are cutting our timber several times as fast as it 
grows’ our timber capital will vanish rapidly. 

The once magnificent stands of virgin softwood tim- 
ber east of the Rocky Mountains have been removed. 
Waste land and second-growth timber have taken 
their place. What has been the history of the forest 
areas in the Atlantic states and the Lake states is in 
progress of fulfilment in the southern hardwood and 
pine belt now largely coming into second-growth 
timber. The Pacific Northwest holds the bulk of the 
nation’s timber capital, mostly virgin timber, much 
of it overmature and deteriorating rapidly as heartrot 
fungi and other disease agencies take their yearly toll. 
Since the risk of loss through diseases is cumulative, 
and decay in a mature stand increases with increase 
in age of the stand, it follows that our virgin stands 
of timber—-our principal timber capital—must suffer 
much greater loss through disease than the young 
growth which is as yet of somewhat uncertain value. 

However true this may be, as foresters we can not 
overlook the responsibility of keeping the future 
stands of timber healthy and producing a maximum 
yield of sound timber. The passing of the veteran 
stand often leaves to the oncoming crop of young 
timber a legacy of disease and injury which affects 
the future productivity of residual and reproduction 
stands. But the danger of any great loss due to 
decay in young stands is considerably lessened by the 
shorter cutting cycle, for the future generations wili 
cut their timber long before the age attained by our 
present virgin stands. To offset this, such diseases 
as the white pine blister rust are particularly destruc- 
tive to young growth, and protection must be given 

7 Forest Service, ‘‘Wood Waste Prevention,’’ pp. 1-29, 


illus., National Conference on Utilization of Forest Prod- 
ucts, 1924, 
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the reproduction areas in order to insure our future 
timber eapital. 

The two main divisions of loss evaluation due to 
disease agencies are the losses in standing timber 
and the losses in wood products. The compilation of 
loss figures is therefore complicated on one hand by 
the great differences in complexity of forest conditions 
for the various forest regions and by the multiplicity 
of products produced from wood, and on the other 
hand, by the large number and variety of destructive 
agencies responsible for these losses. 


RELATION OF Losses TO Forest DEPLETION 


In summarizing the evaluations for both the forest 
losses and the losses in wood products, it is found 
that the annual loss equivalent in cubic feet of stand- 
ing timber is as follows: 


Loss in timber stands, including losses due to 


diseases, decay, fire and insects 2.4 billion 


_ Loss in wood products due to decay of wood 


4.0 billion 


in service and in storage 


We are faced, therefore, with a total annual drain 
on our forests of over 6 billion cubic feet. The re- 
placement of this wasted material necessitates the cut- 


ting of additional timber from our forests and in 


some cases causes premature harvesting of stock which 
would better have been left to develop for a future 
cutting. Every rotted tree that is cut down and culled 
means that another sound tree of the same board feet 
content must be felled to take its place in terms of 
wood products. In Idaho alone the loss by decay in 
the standing timber is estimated at approximately 
thirteen million board feet annually. The thousands 
of board feet of sapwood lumber which are annually 
degraded on account of sap stain must be replaced by 
clear lumber to supply the demand for high-grade 
clear stock. This means that more trees need to be 
cut in order to obtain the proper proportion of these 
grades. To the bluing of sapwood, therefore, may be 
jaid a certain overproduction of lower-grade stock and 
a considerable portion of the annual cut of timber 
which could otherwise be reserved for future use. 
The losses through improper storage of wood or 
through improper handling or poor design and use in 
building construction, losses through deterioration of 
stored pulp or through degrade due to sap stain, and 
losses due to failure to use wood preservatives all 
tend to hasten the exhaustion of the nation’s supply 


of raw material. 


To a progressive nation, and to the maintenance 
of that nation’s high standards of living, the preven- 
tion of such losses and the husbanding of our forest 
capital are imperative. By means of present known 
improved practices and methods applied to wood 
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products alone, two ninths of this loss could be pre. 
vented and the drain on our forest raw material would 
be lessened by approximately one and a half billion 
cubie feet, representing an annual saving of about 
195 million dollars. 

The elimination of this preventable waste in the 
woods, the mills and in service can best be brought 
about by the development of preventive methods 
through a study of the agencies causing these losses, 
As our methods of treating wood to prevent decay 
improve in proportion to our knowledge of the decay- 
producing fungi, so will our methods of preventing 
diseases in the forest improve as our knowledge of 
the disease-producing agencies increases. 

Most foresters would place fire prevention first on 
the protection list, with insect control second and 
fungous diseases third. The more spectacular and 
more readily observed damage is usually impressed 
the deepest on the memory. While fire eats its way 
rapidly through a stand and in its wake leaves an 
annual loss of startling proportions, yet the control 
of fire is primarily concerned with keeping the loss 
at a minimum and, unlike certain tree diseases, there 
is little danger of the complete destruction of a species 
of valuable timber over its entire range. If, on the 
other hand, blister rust should gain the upper hand 
in the struggle for forest protection, our western white 
pine forests would virtually be doomed. Insect dam- 
age resembles, in many ways, the attack by fungi. 
With insect epidemics, however, we have balancing 
factors which bring the damage to a low ebb and fre- 
quently bring about almost normal conditions. On 
the other hand, we occasionally have a species of tree 
almost obliterated by an insect attack. The larch saw 
fly nearly wiped out the eastern larch in the Lake 
states some years ago, but in doing so it apparently 
sawed off the limb upon which it depended, for no 
recurrence of the epidemic is on record. 

Fungous attacks are slow but steady in their ad- 
vance upon our forests, and the effect is at times the 
least spectacular of all forest damages. 


Tue Conrrot or DISEASE IN TREES AND 
THEIR Propucts 


Fortunately, under present-day extensive forest 
management, the economically important forest tree 
diseases are not very numerous. As soon, however, 
as intensive forest practice becomes general and in 
step with the rapidly disappearing virgin stands, we 
will find the list increasing. Diseases which are of 
minor importance in our present timber stands may 
be found more harmful in the intensely managed for- 
ests of the future. There is also the possibility that 
changed conditions due to logging and to artificial 
control of the forest area in efforts to favor a maxi- 
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mum stocking of particular tree species may encour- 
age the spread and development of some disease 
organism now obscure. 

The prevention or reduction of the tremendous 
losses in the field of forest pathology and in the field 
of wood pathology is a diffienlt task, since forestry 
is yet in the extensive stage of its development. 

The uniform and universal application of intensive 
control methods to the vast areas of timberland in the 
United States in an effort to ward off the more impor- 
tant tree diseases is beyond the limits of practicability 
under present economic conditions. The areas of in- 
accessible and low-value timber are too great, and 
even in the more accessible areas containing valuable 
timber the cost of an intensive job of control in many 
eases is prohibitive. We are, nevertheless, not justi- 
fied in making a sweeping statement that the control 
of forest tree diseases is impracticable or impossible. 
The rapid depletion of our forests by fire, decay, dis- 
ease and insects and through the steady and increasing 
toll of the annual cut will soon cause attention to be 
centered on the more accessible second-growth timber 
and potential forest areas. As wood becomes less 
plentiful, this reduction of forest capital will even- 
tually call for a more intensive management of these 
forest areas and will result in the application of in- 
tensive rather than extensive control methods. At 
present, our faith in control methods leads us to 
hope that the damage due to the white pine blister 
rust in the West may be kept at a minimum by a 
system of local control concentrated upon the stream 
type where the most dangerous alternate hosts (sus- 
ceptible wild currants or gooseberries) are found in 
greatest density. Beyond this we have ventured little 
or no distance in advocating intensive disease control 
over large areas of timber. The control of disease in 
a field, an orchard or in a woodlot is difficult enough, 
but when a heavily timbered area of several thousand 
acres, spread over very rough terrain, is contemplated, 

it is obvious that different methods are indicated for 
the two extremes. 

The forester is faced with the triple problem of 
(1) preserving the present merchantable stand from 
further loss before harvesting; (2) providing for 
reproduction on all cut-over areas, and (3) the appli- 
cation of forest management to the stands of the 
future. In all three of these problems the question 
of protection against storm, fire, insect and disease 
demands an answer in practical terms. Control meth- 
ods, therefore, are urgently needed to stem or check 
the tide of losses caused by tree diseases. Roughly, 
the control methods applicable in the practice of 
forest pathology may be classified as follows: 
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Exclusion—the use of quarantine and inspection mea- 
sures to control the spread of diseases. 

Eradication—the removal and destruction of alternate 
hosts or of diseased trees or parts. 

Protection—sanitary measures, spraying, protective 
treatment, injections, etc. 

Immunization—developing immunity by tree breeding, 
selection or other means. 


Further divisions under each heading are, of course, 
indicated. In the control of white pine blister rust 
quarantine and inspection activities play their part 
along with eradication by means of pulling and up- 
rooting the alternate host plants and the spraying of 
such plants with a killing chemical. Too frequently 
the difficulties confronting a control program of this 
kind in a terrain such as the Coeur d’Alene Mountains 
of northern Idaho are not fully realized by foresters 
and timber owners. To me it is startling, the progress 
that has been made in methods and efficiency of con- 
trol, and in the rapid reduction of cost per acre. The 
splendid work is continuing, and we shall see in the 
near future the development of more effective chemical 
sprays and a greater reduction in cost of control. 

Protection methods applicable to our present for- 
estry practice are rather limited. Several sound prin- 
ciples, however, have been developed in the past few 
years mainly by western pathologists who strove to 
find methods which could be applied to the current 
practices. Pathological marking rules, sanitation 
clauses in timber sale contracts, disposal of infected 
slash on the logging areas and pathological cutting 
ages are all devices for reducing the spread of infec- 
tion in our forests. I believe I am safe in stating that 
future forestry will pay more heed to the pathological 
type of cutting age as forestry intensifies. 

The future control work in forest pathology, until 
intensive forestry arrives, will be confined mainly to 
the parasitic diseases such as the white pine blister 
rust, with special regard to measures of exclusion in 
an effort to prevent the introduction of new diseases. 
The control of heartrot diseases may in some cases 
rest on special methods of treatment, but as shorter 
eutting cycles become the rule and more and more 
products are made from young trees of small size, 
we will find that pathological cutting cycles will even- 
tually eliminate a large amount of the heartrot losses. 
The crop of the future will be a cellulose crop, with 
short cutting ages and new methods of harvesting. 
The step from lumber to derived products and to 
synthetic products from pulp is not great, and the 
future will see lumber and other wood products manu- 
factured from pulp obtained from small trees and 
young stands. A stand cut in its youth has developed 
little heartrot and no fungous fruiting bodies. It, 
therefore, leaves no great legacy of disease to the 
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oncoming stand and suffers itself but slightly from 
cull due to decay. But a stand cut in its later years 
carries with it an accumulation of heartrot and of 
fruiting bodies which in turn spread infection to the 
oncoming forest. In Idaho the decay factor is an 
important one in the management of hemlock and 
white fir on the cut-over areas and represents a prob- 
lem which is closely knit with the future growth of 
white pine. 

What shall we do with our residual hemlocks and 
white firs which at the time of removal of the white 
pine show from 30 to 100 per cent. infected with 
heartrot? If we leave them on the cut-over area they 
erowd out the white pine and so greatly reduce the 
yield at the next cutting. If left with the expectation 
of harvesting the hemlock and fir for pulpwood or 
other products, there is the depressing forecast that 
in the next forty or fifty years the heartrot will be so 
prevalent as to render the material useless. What 
then shall we do? Shall we practice girdling with all 
its attendant disappointments, high cost and fire 
hazard, or shall we invest in a type of insurance by 
cutting and burning all infected residual trees and 
thus give white pine a minimum of competition and 
an opportunity to yield a full stand of high-priced, 
sound wood at the next cutting? Studies have been 
inaugurated which we believe will throw some light 
on this problem and aid us in formulating a manage- 
ment plan which will insure a maximum yield of 
sound and valuable wood. 

In wood pathology, which deals with the loss-pro- 
ducing defects caused mainly by fungi, we have two 
main types of control measures: prevention and 
eradication. Under these are various methods of dip- 
ping in chemicals, seasoning, storage and heat sterili- 
zation, with special applications to practically each 
type of wood product. 

In this field the activity of control work will mul- 
tiply and will intensify with each decade as wood 


becomes searcer and more valuable. Much of the. 


husbanding of our timber capital may be done by 
preventing waste in the use of wood. The product as 


well as the crop must be protected, and this fact 


emphasizes one of the most important fields of activity 
in forestry science. 

A new angle in the field of wood utilization which 
has appeared of late on the pathological horizon may 
develop into an important means of saving much of 
our wood crop. It was not so very long ago that 
one would have been laughed at had he suggested the 
use of rotted wood in the manufacture of paper pulp 
—yet this is a commercial possibility and we find that 
the so-called white rots may be utilized in the manu- 
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facture of a fair grade of sulphite pulp. The brown 
rots are obviously unsuited for any such use on ac- 
count of their color and weakened fibers. 

There are additional methods which time and inves- 
tigation may bring to the aid of the forester. The 
one is the use of wood-rotting fungi in converting 
waste wood to pulp or near pulp, while the other is 
the search for and development of wood-inhabiting 
fungi which possess the ability to change the artificial 
food upon which they are grown into commercially 
valuable chemical products. The first suggestion in- 
volves a search for the fungi which most readily con- 
vert wood to cellulose. Following this much work 
must be done to determine the optimum conditions of 
growth for the organisms and the development of such 
a process on a commercial scale. 

The second suggestion is strengthened by a consid- 
erable background of present-day commercial proc- 
esses in which micro-organisms, principally fungi, are 
used in the manufacture of valuable products. The 
manufacture of such products as alcohol, cheese, linen, 
taka-diastase, butanol, acetone, ethanol, acetic and 
lactic acids, gluconic acid and pectin are all brought 
about by the careful use of micro-organisms. 

If, therefore, we can find ways to divert the fungi, 
which are destroying our wood capital, into some 
useful activity by harnessing their enzymatic power 
to a process of pulp production or to the manufacture 
of some useful chemical, then, truly, may it be said 
that our research is fulfilling its destiny. 

The use of micro-organisms, particularly fungi, in 
industrial processes, presents at once many advantages 
and disadvantages. In general, such a use has the 
advantage of an even and smooth-running process, 
good yields with few impurities, minimum supervision 
and a low labor cost. When discovered, the use of 
a particular fungus to produce a certain substance 
which has previously required costly and complicated 
chemical equipment and reactions, or to produce a 
substance found only in nature, marks a decided step 
forward in coordinating the factors\ of chemical 
science with those of botanical science and in welding 
the two groups of data into a feasible commercial 
process. The disadvantages lie in the nature of the 
organism used and its sensitivity to conditions favor- 
ing its growth. Carefully controlled temperature, 
moisture, air and food conditions are essential, and 
this entails a carefully worked out process based on 
research in order to insure successful production. 

In some such manner forest pathology may serve 
not only as a preventive and protective science, but 
may also find expression in the development of new 
and profitable ways of utilizing our waste wood. 
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DOCTORATES CONFERRED IN THE SCIENCES BY 
AMERICAN UNIVERSITIES, 1929-30° 


By CLARENCE J. WEST and CALLIE HULL 


Tue Research Information Service of the National 
Research Council, with the cooperation of the regis- 
trars of the various American universities, has com- 
piled annually since 1919-20 a classified list of theses 
of the recipients of the doctor’s degree in the sciences. 
This list, together with those published in Science 
and in School and Society for the period 1898 to 
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194 
180 
239 
273 
234 
244 
314 
336 
372 
293 


TABLE I 
DocTORATES IN SCIENCE BY YEARS 
1898............ 105 1909......... 
105 1910......... 
1900............ 102 
127 1912......... 
1902............ 103 1913......... 
1908............ 134 1914......... 
1904........... 129 1915......... 
1906............ 143 1916......... 
143 1918......... 
1908............ 184 1919......... 


180 


1920... 325 
18k... 336 
1922......... 455 
1923 575 
1924......... 611 
1925... 640 
1926......... 748 
1987... 796 
1928......... 842 
1929.......... 1,025 
1930.......... 1,055 


1915, gives a complete picture of the doctorates 
granted since 1898, a period of over 30 years, the 
statisties for the period 1915 to 1919 having been 
collected by the Research Information Service in 1921. 
The total number of doctorates (11,472) granted 
in all subjects over that period is shown in Table I. 


TABLE II 
INCREASE IN DocTORATES GRANTED BY LEADING 


UNIVERSITIES 


Total for 


1900 1910 1920 1930 1898-1930 


_ Chicago 19 24 43 94 1,367 
Wisconsin 86 712 
Cornell 80 $86 
Johns Hopkins ........... 20 15 21 58 862 
Michigan (te ee 1 1 9 53 407 
Minnesota. ..................... 1 1 4 53 310 
Ohio State University — — 6 50 249 
California ............ 1 4 14 47 513 
Columbia 44 945 
9 22 43 491 
Yale ....... ..28 43 698 
Total for year... 102 180 325 1,055 


* Compiled by Research Information Service, National 


arch Council. 
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In 1930 the number of doctorates granted was over 
ten times the number in 1900; in 1920 the ratio was 
3:1, and in 1925, 6:1. The growth in this phase of 
graduate work is also seen in the number of institu- 
tions granting the doctor’s degree. In 1900 there 
were 22 institutions represented in this compilation; 
in 1920, when the Research Information Service took 
over the work, the number had increased to 31, while 
the present compilation contains 62. 

The increase in the number of doctorates granted 
in those universities, which in 1930 conferred 40 or 
more, is shown in Table II. 

In 1900 there were 6 universities which granted 10 
or more doctorates; in 1900 there were 9; in 1920, 10, 
and in 1930, 24. 

The growth by subjects (only those in which 40 or 
more doctorates were granted in 1930 are listed) is 


shown in Table III. 


TABLE III 
INCREASE IN DOCTORATES BY SUBJECTS 


Total 

1900 1910 1920 1930 for period 

1898-1930 
Cry 26 48 134 309 3,685 
11 24 36 100 1,146 
Pee... 9 20 26 92 # 1,059 
Physics 158 25 238 1,180 
Botany 12 10 29 81 = 1,097 
Mathematics 1l 23 16 74 800 
5 10 63 612 
EMgimeering 1 5 49 189 
PHY 4 8 46 423 


During the period covered by this compilation, the 
same subject classification has been used in order that 
the statisties might have some comparative value, 
even though this means that many of the more recently 
recognized subdivisions of the major fields of science 
are not given a separate place in the classification. 
It has been deemed necessary, however, to add public 
health (in 1926) and medicine and surgery (in 1930), 
as scattering the theses on these subjects throughout 
the compilation gave no indication of the work in 
these fields. 

It should be pointed out that in the classification of 
the following doctorates the compilers have had only 
the title of the thesis and, in most cases, the depart- 
ment in which the doctorate was granted. This has 
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often made it difficult properly to place certain theses 


and may account for the fact that a thesis appears 


under one subject when in reality it belongs under 
quite a different subject. 

Detailed data for the year 1929-30 are shown in 
Tables IV and V. Full information with compara- 


TABLE IV 
DocTORATES CONFERRED ACCORDING TO SUBJECTS 


721 722 °24 °25 °26 °27 °28 °30 


Chemistry ........... 134 150 185 251 250 257 270 278 310 309 
ZOOLO LY sercnvssveresen 37 39 45 42 71 55 70 89 91 100 
Psychology ...... 26 32 46 51 51 60 74 66 112 92 
Fayeies 28 57 54 58 59 76 92 78 101 89 
| ee 30 37 64 57 69 69 53 61 76 81 
Mathematics ...... 16 20 28 32 24 47 46 44 61 74 
. 11 22 34 41 25 27 42 35 45 63 
Engineering ... 3 4 5 5 2 11 10 28 34 49 
Physiology ........ 8 18 20 17 17 43 35 28 37 46 
Pathology ........... 1 27 21 12 5 4 16 31 27 31 
Agriculture .... 3 9 10 11 16 19 19 31 27 29 


Bacteriology .... 19 15 32 12 20 21 20 29 26 27 


Anatomy .............. 4510 5 41113 11 1 12 
Anthropology .. 4 0 3 3 2 5 3 5 13 6 
. 3°42 2°27? £23 
Metallurgy ...2 12 23 310 41 8 §& 
Avcheslogy ... 0: @ @ 0 0 0 6..8: 

Totals .......... 336 455 575 611 640 748 796 842 1025 1055 

TABLE V 


DocToRATES CONFERRED ACCORDING TO UNIVERSITIES 


°23 *24 725 °26 ’27 ’28 +729 730 


Chicago ............... 42 61 71 75 59 78 86 70 99 94 
Wisconsin ........... 15 32 44 41 64 53 55 60 66 86 
Cornell ................... 33 36 41 60 39 43 62 67 60 80 
Johns Hopkins.. 21 28 58 44 36 50 44 56 62 58 
Michigan ............. 7 20 15 25 15 32 30 52 38 55 
Minnesota ........... 16 16 17 23 23 30 29 41 53 53 
Ohio State ........... 8 13 21 20 33 25 30 25 48 50 
California ............ 22 24 27 20 31 38 42 37 50 47 
Columbia ........... 26 31 58 57 51 49 62 46 61 44 
Ttinels ..0-ak 19 28 33 20 32 44 31 36 34 43 
Tale. .~cnaaseiaee 27 22 34 22 41 38 34 38 47 43 
FEOPCGRG nn 25 21 31 35 25 35 42 33 40 40 
Mass. Inst. ...... 7 8 11 18 18 13 18 13 20 29 
Pennsylvania .. 5 9 8 12 12 14 27 18 24 26 
Stanford .............. 8:34 27 170 
Iowa State Col... 0. ..... 9 12 14 13 26 28 26 
Princeton ......8 12 9/17 15 12 18 17 25 2 


New York ........... 
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TABLE V—(Continued) 
"21 '22 723 724 725 °26 727 "29 


8 15 8 18 22 ji 
1113 8 45 
& 8 5 12 


Calif. Inst. ....... 
Pittsburgh ........ 
Virginia. ........... 
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Iowa Univ. ........ 
Northwestern ... 
Wash. U., St. L. 
Cincinnati ......... x 
Fordham .............. 
Missouri ............... 
Nebraska. ............. 
North Carolina 
Radcliffe ................ 
Rutgers 
Syracuse ............. 

Washington ........ 

Western Res. .. . 
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Penn State ........ .. 

St. Louis . 
BoOstom 
Bryn Mawr ..... 
Catholic ............... a 
Colorado .............. 
George Wash. .. 
Michigan State 
Rensselaer ........... 


peti 336 455 575 611 640 748 796 842 1025 1055 
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tive statistics for the past ten years and with the 
names of the recipients of the degrees and the titles 
of the theses will be found in Reprint and Circular 
Series of the National Research Council, No. 95. 
Similar data for the years 1926 to 1929 are given in 
Reprint and Circular Series Nos. 75, 80, 86 and 91. 


Copies of these publications may be obtained from the » 


Publication Office, National Research Council, Wash- 
ington, D. C. 


SCIENTIFIC EVENTS 


MEDICAL CENTER FOR URUGUAY 
We learn from th2 Mental Hygiene Bulletin that 
ground has been broken for the great medical center 
planned by the Comisién Honoraria del Hospital de 
Clinicas for Montevideo, Uruguay, the construction of 


which it is estimated will cost between $10,000,000 
and $15,000,000. Approximately $5,000,000 has al- 
ready been appropriated by the government to begin 
work on this project, the first of its kind in South 
America, which has the support of all elements in 
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the community, medical, educational, social, govern- 
mental and commercial. 

Every effort will be made, according to the com- 
mission, the governmental body in charge of the 
project, to erect an institutional center for the care, 
treatment and study of the physically and mentally 
sick that will be the last word in modern hospitaliza- 
tion from the standpoint of scientific medicine and 
construction engineering. To this end the commission 
has drawn heavily upon professional and technical 
talent in the United States for advice and guidance. 

Early this year Dr. Eduardo Blanco Acevedo, presi- 
dent of the commission, came to New York and con- 
sulted with Dr. C. C. Burlingame, chief executive 
officer of the group which built the Presbyterian Hos- 
pital-Columbia University Medical Center. This sum- 
mer Dr. Burlingame was invited to Montevideo to 
consult with the commission and to study in detail 
its plans for the Medical Center which, apparently, 
was to follow in principle the New York Medical 
Center as a model project of this type. 

Dr. Burlingame spent two months in Uruguay giv- 
ing the authorities the benefit of his wide experience 
and expert knowledge in hospital planning, and 
making a number of recommendations as to organiza- 
tion and construction which were all adopted. Thanks 
to Dr. Burlingame, the needs of the mentally sick will 
have the same adequate attention under the scheme as 
those of the physically sick. In the plan adopted the 
psychiatric institute and hospital has been made an 
integral part of the medical center and is being de- 
signed, as to structure and function, along the lines 
of the New York State Psychiatric Institute and 
Hospital. 

El Imparcial, one of the local newspapers which 
have been giving considerable attention to the project, 
remarked, in its discussion of the plans: “One of the 
items upon which Dr. Burlingame was most insistent 
in his conferences with the commission was the in- 
corporation within the Medical Center of a Psy- 
chiatrie Institute and Hospital, which he considered 
a vital part of the center and indispensable in any 
adequately conceived and comprehensive project of 
this type. Modern seientifie medical opinion, Dr. 
Burlingame declared, considered such an institute as 
absolutely necessary not only to provide expert care 
for the patients suffering from mental disorders but 
to make possible research and educational work look- 
ing to the prevention of such disorders and the re- 
duction of the great burden represented by the enor- 
mous amount of mental disease existing under present 
conditions of civilization.” 

According to the Mental Hygiene Bulletin the Psy- 
chiatrie Institute and Hospital, which received the 
unanimous endorsement and enthusiastic support of 
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the Psychiatric Society of Uruguay, will be built in 
close relationship with its sister hospital, the Neuro- 
logical Institute, and will be equipped with clinical, 
research and diagnostic laboratories. Hospital beds 
will be so arranged as to make possible intensive 
study of any one of several types of mental disease. 
The whole institution will be organized around the 
four-fold function of treatment, research, teaching 
and public education. Special attention will be given 
to the teaching of all medical students in the fun- 
damentals of psychiatry, and for the training of 
psychiatrists, mental nurses and psychiatric social 
workers. 


THE TESTING LABORATORY OF THE 
BUREAU OF STANDARDS 

AccorpinGé to the statement which was made public 
by the Department of Commerce, an increase of 27,- 
214 in number of items tested at the Bureau of Stan- 
dards during the fiscal year 1930 as compared with 
1929 and a corresponding increase in fee value of 
$139,212 have been announced by Dr. George K. 
Burgess, director of the bureau. A comparison of 
figures for 1928 and 1930 shows increases for the 
latter year of 68,513 and $218,497. The total number 
of items tested during 1930 was 200,726 and the fee 
value $683,614.51. 

These figures are particularly interesting at this 
time since they show a steady increase in the work 
of the government’s largest testing laboratory during 
a period when business in general has decreased and 
when one would naturally have looked for a decided 
drop in general testing. 

The bureau’s statistics cover 46 different items or 
classes of tests. During 1930, as compared with 1929, 
there were increases registered under 26 of these items 
while in 20 cases the number of tests decreased. In 
the matter of fee value increases were noted in 28 
cases, in two cases the fee value did not change, 
while in 16 cases the fee value decreased. 

The greatest single increase of 1930 as compared 
with 1929 was in clinical thermometers where an in- 
erease of nearly 24,000 occurred during the year. 
(Total number tested, 100,648.) Large percentage 
inereases were also recorded in electric batteries, mis- 
cellaneous dimensional determinations, aircraft en- 
gines, engineering materials, cement and ceramic ma- 
terials. In comparing 1928 and 1930, important in- 
creases have taken place in electric batteries, electric 
lamps, dimensional determinations, weights and bal- 
ances, volumetrie apparatus, hydrometers, laboratory 
and clinical thermometers, radioactive materials, ce- 
ramie products and in the distribution of standard 
samples. | 

Roughly, two thirds of the bureau’s test work is for 
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ihe national and state governments while one third is 
for the general public. Although the latter class of 
tests decreased about 14 per cent. in 1930 as com- 
pared with 1929 there was still an increase of 17 per 
cent. as compared with 1928. This is a very satis- 
factory showing and proves that the value of care- 
fully conducted tests is becoming more generally ap- 
preciated. 


BEAR RIVER MIGRATORY BIRD REFUGES 


Sratistics assembled by the Biological Survey of 
the Department of Agriculture covering the land 
status on the Bear River Migratory Bird Refuge in 
Utah, as of June 30, made public on September 20, 
show that the lands purchased total 15,860.65 acres; 
publie lands withdrawn, 30,632.12 acres; state cession 
lands, 2,132.85 acres; lands leased, 7,860.98 acres, and 
right-of-way easement, 0.14 acre; or a total of 56,- 
486.74 acres. When withdrawal lands exchanged, 
amounting to 4,099.8 acres, are deducted, the net ref- 
uge area is 52,386.94 acres. During the fiscal year 
1930 there was expended for lands $24,547.28; other 
expenditures for acquisition purposes amounted to 
$307.41, making a total of $24,854.69. The average 
cost an acre for lands purchased was $1.55. 

Of the 163,468 acres within the boundary of the 
Upper Mississippi River Wild Life and Fish Refuge, 
19,162 acres are reported as agricultural and semi- 
agricultural lands, 20,000 acres as unsuited for pur- 
chase, 9,743 acres as state and city owned, 25,018 
acres as public domain (made part of refuge by ex- 
ecutive orders), 1,650 acres as acquired by gifts and 
cessions, 8,777 acres under contract, and 56,548 acres 
actually paid for, leaving 22,570 acres to be taken 
under contract. 

The cost of examining and appraising 225,000 
acres was $22,500, or 10 cents an acre. This calcula- 
tion is based on land area examined and takes no ac- 
count of approximately 70,000 acres of interlocking 
waters that were covered by examinations. For mak- 
ing boundary surveys $10,939 has been expended, and 
$40,393.46 for negotiating for 65,325 acres under con- 
tract or acquired, or an average of 62 cents an acre. 
This figure is based on the tracts covered by contracts, 
although all the tracts within the refuge have been 
negotiated for. The average cost of lands taken un- 
der contract is $6.29 an acre, and the average cost of 
lands paid for is $6.06 an acre. 

Lands to be acquired for the Cheyenne Bottoms Mi- 
gratory Bird Refuge, near Great Bend, Kansas, the 
creation of which was authorized by act of Congress 
approved on June 12, are. being surveyed by field 
erews of the Biological Survey. When the govern- 
ment gains control of the lands needed for the pur- 
pose, the refuge established will be of outstanding 
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importance to the birds migrating in the Mississipp; 
Valley region. 

Topographic surveys of other proposed refuge 
areas are being conducted and engineering facts gath. 
ered with dispatch. Part of the information being ob. 
tained is to enable the Biological Survey to determine 
what may be done toward establishing migratory. 
bird refuges in regions where it may be possible to 
restore areas now desolate to their natural condition, 

These refuges are being established in furtherance 
of the terms of the migratory bird conservation act, 
to preserve the birds of the United States and Can- 
ada protected by treaty with Great Britain. 


MEMORIAL TO GEORGE WESTINGHOUSE 

NATIONAL, state and city officials and executives of 
public utilities, industrial concerns and banks have 
dedicated in Schenley Park, Pittsburgh, a monument 
to George Westinghouse, inventor of the air brake 
and other railway devices, the automatic telephone 
exchange, the jet steam turbine, a piping system for 
natural gas and organizer of alternating current 
electric systems in the United States. 

The memorial is the tribute of 50,000 workmen and 
professional men, members of the Westinghouse forces 
living under many flags. More than three hundred 
prominent men accepted invitations to the ceremony. 
The site of the monument is near a small pond in a 
grove of willow trees. 

Henry Hornbostel, designer of the Harding Me- 
morial at Marion, Ohio, the Hell Gate Bridge and 
other structures, designed the Westinghouse Memorial 
in association with Eric Fisher Wood. Daniel Ches- 
ter French, sculptor, executed the main sections in 
war under Mr. Hornbostel’s guidance and Paul Fijelde 
produced the panels representing Westinghouse’s six 
chief mechanical achievements. 

The base is of Norwegian granite, which also is 
inserted into the bronze upper portions. The rest of 
the monument is of bronze, gold-leafed. The center 
or main section shows a medallion of Westinghouse 
between an engineer and a skilled mechanic. Facing 
this semi-circular construction is a figure representing 
American youth taking inspiration from the inventor. 

Among those present were Lord Southborough, of 
Great Britain; H. G. Brown, deputy chairman of the 
Westinghouse Air Brake and Saxby Signal Company, 
Ltd., of London; R. G. Gage, chief engineer of the 
Canadian National Railways, and P. J. Myler, presi- 
dent of the Canadian Westinghouse Company. 

Herman Westinghouse Fletcher, grandnephew of 
George Westinghouse, unveiled the memorial, which 
was presented to Pittsburgh by George Munro, vet- 
eran Westinghouse employee, and accepted by Mayor 
Charles H. Kline. 
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SCIENTIFIC NOTES AND NEWS 


THe William Lawrence Saunders Gold Medal for 
1930, awarded annually for achievement in mining by 
the American Institute of Mining and Metallurgical 
Engineers, will be presented to Mr. Daniel C. Jack- 
ling, of San Francisco, president of the Utah Copper 
Company and other mining corporations, at a dinner 
on October 31 at the Ritz-Carlton Hotel in New York 
City. President Hoover was the recipient of the 
Saunders medal for 1928. 


Dr. Micuaet I. Pupin, professor of electro-me- 
chanics at Columbia University, has received the dee- 
oration of the White Eagle of the First Order, con- 
ferred upon him by Alexander I of Jugoslavia for 
outstanding service to the nation. 


GuGLIELMO Marconi has been elected president of 
the Italian Royal Academy, succeeding Senator To- 
maso Tittoni, who resigned for reasons of health. 
Senator Marconi thus far had not been a member of 
the academy. Premier Mussolini, however, obtained 
King Victor Emmanuel’s signature to decrees mak- 
ing the inventor both an academician and president 


of the body. 


At a special convocation of the faculty of the Uni- 
versity of Chile, Dr. Roscoe W. Thatcher, president 
of the Massachusetts Agricultural College at Am- 
herst, was last summer made an honorary member of 
the faculty and was awarded an honorary doctorate 
by the Catholic University of Chile at Santiago. 


Mr. Fevix M. Warsur, vice-president of the Mu- 
seums of the Peaceful Arts in New York, is the re- 
cipient of the golden ring of the Deutsches Museum 
presented by the Government of Bavaria. It was pre- 
sented to him by Dr. G. Heuser, acting consul general 
at New York City. Mr. Warburg has been actively 
interested in the Deutsches Museum and also in the 
development of industrial museums in America, par- 
ticularly in the New York institution. 


Dr. THomas CuLien, professor of clinical gyne- 
cology in the Johns Hopkins University School of 
Medicine, was presented with the degree of doctor of 
laws by the University of Toronto at a special eonvo- 
cation on September 16, in connection with the open- 
ing of the Banting Research Institute. The honor 
was conferred in recognition of Dr. Cullen’s work on 
cancer. He graduated from the University of To- 
ronto forty years ago. 


THE Founder’s Day address at Lehigh University 
was delivered by Dr. Edward Wilber Berry, dean of 
the Johns Hopkins University, on October 2. He 
spoke on “The Nature of Progress.” Honorary de- 
Brees were conferred on Professor Berry and on 


Harald Malcolm Westergaard, professor of strue- 
tural engineering at the University of Illinois. 


Portraits of Dr. George L. Brown, dean of the 
faculty and of the division of general science of State 
College, and of Dr. Hubert B. Mathews, vice-dean of 
the faculty and for many years professor of physics, 
will soon be hung in the Lincoln Memorial Library of 
the South Dakota State College. The portraits were 
painted by Harvey Dunn, of New York, a former 
student at the college. 


Dr. Ivan M. JouNstTon, of the Gray Herbarium of 
Harvard University, has been elected a corresponding 
member of the Argentine Society of Natural Sci- 
ences. 


Dr. J. C. Tu. Upnor, professor of botany at Rol- 
lins College, has been elected a corresponding mem- 
ber of the Deutsche Dendrologische Gesellschaft in 
recognition of his researches in the dendrology of 
the State of Florida. 


Dr. ELMER Drew MERRILL, as director of the New 
York Botanical Garden, has been appointed a pro- 
fessor of botany at Columbia University. 


CHANGES in the department of chemistry of New 
York University include the appointment of Dr. A. 
O. Gettler as professor and J. K. W. Macalpine and 
W. West as assistant professors. Dr. Hilde Thurn- 
wald, lately assistant to Professor G. F. Hiittig at 
the Deutsche Technische Hochschule, Prague, is 
spending the year at the university as a fellow of the 
Rockefeller Foundation. 


Dr. Harutan T. Stetson, director of the Perkins 
Observatory of Ohio Wesleyan University, reports 
that the following appointments have been made as 
additions to the staff: Dr. N. T. Bobrovnikoff, for- 
merly of the Lick Observatory and National Research 
Fellow at the University of California, assistant pro- 
fessor of astrophysics; Dr. N. Wyman Storer, for- 
merly of Wesleyan University, assistant professor of 
astronomy, and Mr. Marvin E. Cobb, Drake Univer- 
sity, fellow in astronomy. 


Mr. Epw. H. Granam, formerly herbarium as- 
sistant, has been appointed assistant curator of the 
section of botany at the Carnegie Museum, Pitts- 
burgh. 


Dr. H. M. Martin, formerly associate professor of 
animal pathology and hygiene at the University of 
Nebraska, has become parasitologist in the Pennsyl- 
vania Bureau of Animal Industry Laboratory, Har- 
risburg, Pennsylvania. 
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THe Roessler and Hasslacher Chemical Company, 
Incorporated, announces the following changes and 
appointments: Dr. W. F. Zimmerli, who has been 
with the commercial development division at the New 
York office, has been appointed head of the same de- 
partment at Niagara Falls. New appointments to the 
technical staff at the Niagara Falls plant include: 
Noah §. Davis, Jr., Ph.D. (Yale, 1930); Alton Ga- 
briel, Ph.D. (Cornell, 1930); H. E. Klein, Ch.E. 
(Purdue, 1930); Lloyd Mann, B.S. (Middlebury, 
i930); H. A. MePhail, M.S. (Toronto, 1930); W. T. 
Rinehart, M.A. (Indiana); W. B. Tanner, Ph.D. 
(Iowa State, 1930); Jane Williams, B.A. (Indiana, 
1930). Dr. J. H. Payne, of the Niagara Falls plant, 
has been assigned a year’s leave of absence to com- 
plete studies in Germany. 


Dr. C. V. Taytor, of Stanford University, is visit- 
ing professor of zoology at the University of Chicago. 


THE National Research Council has made a grant 
of $500 through the division of chemistry and chem- 
ical technology of Emory University to further the 
work of Dr. J. L. McGhee on the regeneration of 
hemoglobin in rat and man. 


Dr. JouN B. NANNINGA, a graduate of Rush Med- 
ical School, has been appointed fellow in research at 
the University of Kansas School of Medicine, under 
Dr. Ralph H. Major. His fellowship was made avail- 
able by the committee of scientific research of the 
Amnierican Medical Association and the National Re- 
search Council. It is to be devoted to the study of 


_ depressor substances. 


Dr. Heten M. Giixey, associate professor and 
curator of the herbarium at the Oregon State Agri- 
cultural College, being on leave of absence, has joined 
the staff of the Gray Herbarium of Harvard Univer- 
sity for the academic year 1930-31. 


Proressor R. A. Warpiez, of the department of 
zoology of the University of Manitoba, spent the 
summer studying tapeworms in salmon at the Pacific 
Biological Station, Nanaimo, B. C., and Professor 
VY. W. Jackson, of the department of biology, in 
studying the flatfish of the Pacific coast. 


Dr. R. G. Gustavson, professor of chemistry at the 
University of Denver, has returned to his work after 
a year’s leave of absence during which he taught and 
engaged in research work at the University of Chi- 
eago. Professor Gustavson will continue at Denver 
his experiments with the sex hormone. 


Dr. Water R. Kirner, assistant professor of 
organic chemistry at the Rice Institute, Houston, 
Texas, has returned from a sabbatical year spent in 
study in Europe. During the year he worked at the 
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University of Graz in Austria, studying the tech. 
nique of micro-organic analysis under Professor Fritz 


Pregl. The complete apparatus for organic micro. 


analysis has been purchased for the Rice Institute, 
Dr. Kirner also spent five months doing research in 
Professor Heinrich Wieland’s laboratory in the Uni- 
versity of Munich and five months with Professor 
Robert Robinson at the University College of London, 


E. B. Renavup, professor of anthropology at the 
University of Denver, has returned from the first 
archeological survey of eastern Colorado. Accom- 
panied by student assistants, Dr. Renaud explored 
the region between the mountains and the Kansas 
state line, bringing back nearly a ton of relies which 
are now being worked over and classified. The trip 
was financed jointly by the Smithsonian Institution, 
the Colorado Museum of Natural History and the 
University of Denver. 

Dr. Barni Praswan, director of the Zoological Sur- 
vey of India, Indian Museum, Calcutta, is visiting 
museums of the United States. 

Dr. Frank P. GraHam, newly elected president of 
the University of North Carolina, delivered the final 
address at the meeting of the North Carolina For- 
estry Association on September 27. He discussed the 
relation of education to forestry. 


Dr. Ropert Frank, Mount Sinai Hospital, New 
York City, will deliver the first Harvey Society Lec- 
ture at the New York Academy of Medicine, on 
Thursday evening, October 16. His subject will be 
“The Female Sex Hormone.” 


At Wesleyan University, the first lecture of the 
year of the Middletown Scientific Association will 
be given on Friday, October 17, by Professor Fred- 
erick K. Morris, of the Massachusetts Institute of 
Technology, on “The New Meaning of Exploration.” 
Professor Morris was a member of the expedition 
from the American Museum of Natural History of 
New York to Central Asia. He will tell of modern 
methods of exploration and will illustrate them with 
accounts from his own experiences in the interior of 
China and Mongolia. ’ 

THROUGH a misunderstanding, Dr. Ralph R. Mel- 
lon was given as one of the authors of the article in 
Science for August 15 entitled “An Effect of Short 
Electric Waves on Diphtheria Toxin Independent of 
the Heat Factor,” by Dr. Waclaw T. Szymanowski 
and Robert Alan Hicks. Dr. Mellon is director of 
the laboratory in which the work was done. 


App.ications for metallurgist must be on file with 
the U. S. Civil Service Commission at Washington, 
D. C., not later than October 29, 1930. The entrance 
salary is $3,800 a year. This examination is to fill 
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yacancies in the departmental service, Washington, 
D. C., and in the federal classified service throughout 
the United States. Competitors will not be required 
to report for examination at any place, but will be 
rated on their education, training, experience and fit- 
ness, and on publications, reports or a thesis. 


Mr. Henry Forp has contributed $250,000 to the 
Deutsches Museum at Munich. 


TurovuGH efforts of the Florida Audubon Society, 
the ornithological library of the late Dr. Henry 
Nehrling, horticulturist and ornithologist, has been 
acquired for Rollins College. The society loaned a 
portion of the purchase price and thus preserved for 
the college a collection said to be unique in many 
ways. 

Tue American Society for the Control of Cancer 
pians to publish on January 1 the first issue of The 
American Journal of Cancer, under the editorship of 
Dr. Francis Carter Wood, of the Crocker Institute of 
Cancer Research. 


The Christian Science Monitor reports that a dis- 
covery of land in the inland ice of Greenland has 
been made by Dr. Lange Koch, who has returned to 
Copenhagen from his fourth expedition to that coun- 
try. With Dr. Koch were the other members of the 
expedition, Professor Helge Backlund, Swedish geol- 
ogist; two Danish students of natural history, a geol- 
ogist and a botanist, who joined them in Greenland. 
The discovery was made along the eastern coast of 
Greenland, in the same latitude as the Umanok dis- 
trict by Professor Backlund, who had been sent out 
with a special section. Dr. Koch, however, through a 
series of investigations as early as 1929, had reached 
the conclusion that there must be land in the inland- 
ice in the form of islands. These were first seen dur- 
ing an ascent of the Jordan Hill. 


Tue Museum of Science and Industry (Museums 
of the Peaceful Arts) of New York City is project- 
ing an extensive exhibition covering all the scientific 
and technical phases of color. The color exhibition 
will begin shortly after the first of January and will 
continue for two months. Dr. F. C. Brown, formerly 
assistant director of the U. S. Bureau of Standards, 
is director of the museum; Mr. I. G. Priest, chief of 
the colorimetry section of the Bureau of Standards, 
is chairman of the advisory committee, which includes 
most of the names best known in the field of color, 
and Dr. I. H. Godlove, formerly of the Munsell Color 
Company, is in charge of arrangements for the color 
exhibition. A number of the large industrial cor- 
porations have signified their intention of exhibiting 
color measuring and related apparatus. In addition, 
& number of special educational features, lectures, 
ete., are being planned. 
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Tue U. S. Public Health Service will be enabled to 
begin its cancer survey of the United States at once 
due to the insertion of a $100,000 item in the Second 
Deficiency bill. The survey will include: (1) An in- 
vestigation of the researches being carried on with 
respect to control of cancer in various institutions in 
the United States and abroad. (2) An investigation 
of existing methods of treatment of cancer with view 
to determining and encouraging use of best methods 
of treatment to the exclusion of those that are worth- 
less or fraudulent. (3) The ascertaining of best 
methods of increasing the number of physicians 
skilled in the diagnosis and treatment of cancer. 
(4) The ascertaining of best means of educating the 
public with respect to the signs and symptoms of 
cancer in early stages in order to prevent neglect and 
delay in treatment. (5) The ascertaining of the 
extent to which provision now exists for furnishing 
optimum treatment for cancer for all sufferers, to- 
gether with estimate of what would be needed to make 
this adequate and the cost thereof. (6) The collec- 
tion of any other pertinent data to enable Congress to 
act advisedly in this matter. 


Unver the direction of Dr. Arthur L. Day, di- 
rector of the geophysical laboratory of the Carnegie 
Institution, a well is being drilled at Norris Geyser 
basin in an attempt to find out at what depth the 
heat is located that causes geysers. A well was put 
down a year ago at the Old Faithful basin, extend- 
ing to a depth of 406 feet, striking a temperature of 
170 degrees Centigrade, or about 338 degrees Fahren- 
heit. Dr. Day direeted this work. In this experi- 
ment, according to a statement made by Dr. Day to 
the U. S. Daily, the drill was pushed first through 
geyserite and then through glacial gravel, then more 
geyserite, indicating that the glacier was working in 
this territory before the ice age. In the experiment 
being conducted in the Norris basin, it is hoped to 
put the drill down until such heat and steam pressure 
is encountered as will prevent further driling. It 
will be impossible to go through to molten rock, but it 
will be possible to judge by the distance and the in- 
creased temperature the approximate distance of 


lava. 


THE Cumberland Power Company has rejected an 
offer from the Commonwealth of Kentucky of $230,- 
000 for land owned and for options on other land on 
which Cumberland Falls are located, and the Com- 
monwealth will proceed with condemnation suits, ac- 
cording to an announcement by the attorney general, 
J. W. Cammack. Refusal of the offer, the attorney 
general said, was made in a letter replying to his 
offer to purchase five tracts of land owned by the 


power company, for $210,000, and to pay $20,000 for 
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an assignment of all options held by the company on 
the Brunson property, the site of the falls. Upon re- 
ceipt of the rejection of his offer, Mr. Cammack stated 
that papers in a condemnation suit are being prepared 
and will be filed at an early date, seeking to condemn 
Cumberland Falls and the acreage owned by the power 
eompany for state park purposes. The offer to the 
power company, he explained, was made under an act 
of the 1930 legislature accepting an offer of Mr. T. 
Coleman du Pont to donate $230,000 to acquire the 
falls for a state park. 


From Science Service we learn that a series of gor- 
geous waterfalls never before seen by a European 
and practically unknown to natives have been discov- 
ered in South Africa by Farquhar B. Macrae, of the 
Northern Rhodesian Civil Service, and described by 
him in a report to the Royal Geographical Society. 
One of the falls is 200 feet in height, or 33 feet 
higher than the Niagara Falls, and rivals in beauty 
the famous Victoria Falls which are about twenty 
miles distant. This fall is, however, only one of a 
series following each other in rapid succession so that 
the total effect is that of a much greater drop totaling 
334 feet. They are known to the natives as the 
Chiengkwasi Falls and are on the Chunga River which 
empties into the Zambezi. It is on the Zambezi River 
that the Victoria Falls are located. In describing the 
Chiengkwasi, Mr. Macrae says: “The main Chieng- 
kwasi fall is a fine sight. Numerous very green ferns 
grow in holes and cracks in the stone and the water 
dashes down over the smooth face of the rock, spurt- 
ing out in little plumes of spray wherever it meets an 
obstacle. In times of flood it must be an awe-inspir- 
ing sight during the few hours that such a short river 
would remain at its maximum height.” A few miles 
from the Chiengkwasi Mr. Macrae found another im- 
pressive series of five falls. The largest of these was 
a drop of 83 feet. “Below this fall the scenery is most 
imposing. Towering basalt precipices rise on either 
side of the river, which is never much more than 100 
feet broad and is generally considerably narrower. At 
one point the cliffs can not well be less than 400 feet 
high and are probably higher. They rise in a sheer 
wail from the water’s edge. The general impression 
of height is greater than that conveyed to an ob- 
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server standing at the bottom of the Palm Grove at 
the Victoria Falls.” 

Accorpinag to the French correspondent of the 
Journal of the American Medical Association a recent 
report shows that the new branch of the Pasteur In- 
stitute established some time ago, at Kindia, French 
Guinea, is developing in an excellent manner. The 
branch was created after long and patient effort, 
Professor Calmette in 1913 decided to establish the 
branch but the outbreak of the war postponed the 
plan. Originally the idea was to create merely a 
station for the collection of anthropoid apes destined 
for shipment to France for laboratory experiments 
and for a close inspection of the apes before trans- 
porting them, for in the past many animals have 
arrived in Europe in a tuberculous state. After the 
war the project was taken up, and the government of 
French West Africa offered 35 hectares of land in 
a healthful region, 7 kilometers from Kindia, which 
is located 150 kilometers from the coast, on the rail- 
way running from Konakri to the Niger. Since that 
time a number of buildings have been erected. The 
central building comprises the laboratory and the 
lodgings of the director and of transient guests. 
There are animal quarters, cabins for the native em- 
ployees and a factory with electrically driven ma- 
chinery. Eighteen hectares are under cultivation to 
produce food for the men and the animals. Apes of 
all kinds are captured and given quarters at Kindia, 
some for experimentation on the ground, and others 
for transport in sound condition to the Pasteur In- 
stitute in Paris. The laboratory, utilizing cattle and 
small animals, prepares various serums, among others 
the antiplague serum. Studies are carried on in con- 
nection with antituberculosis vaccination in apes, the 
inoculation of apes with human malaria and its treat- 
ment, the artificial production of cancer (thus far, 
without results), the spirochetoses of the ape, pneu- 
mococcosis, rabies and anthrax. This laboratory has 
the advantage of having for experimentation animals 
living in their native habitat, protected against the 
diseases that beset them in the laboratories of Europe. 
The directing personnel consists of Celonel Wilbert, 
veterinarian ; an assistant director, and a physician of 
the colonial forces. There are from seventy to eighty 
native employees. 


DISCUSSION 


SALINE DRINKING WATER AND ABNORMAL 
LIVESTOCK 


In the May 30, 1930, issue of Science, Ira S. 
Allison attributes the poor development and abnormal 
condition of the livestock in western Minnesota to 


the high sulphate content of the water in this region. 
Dr. Allison is entirely correct in his statements regard- 
ing the condition of the livestock and the general 
correlation of this fact with excessive sulphates in 
the water, but his conclusion that this relationship is 
one of cause and effect is not borne out by numerous 
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facts. We have shown’ both under practical and 
experimental conditions that the trouble is primarily 
one of phosphorus deficiency. We have demonstrated 
that it can be entirely prevented and completely cured 
by the continuous use of sufficient phosphate supple- 
ment in the ration. Apparently worthless cattle have 
become valuable producers after their cure. Lime- 
stone has practically no value in alleviating the con- 
ditions because it is rare to find animals in this region 
suffering from calcium deficiency. Bone meal, wheat 
bran, cottonseed meal and other feeds are effective 
because of their high phosphorus content. These 
facts are supported by the observations of Alway,? 
who finds that “phosphate hunger of the soils is very 
common and wide-spread” in the same region. 

We do not wish to give the impression that the 
sulphate content of the water is of no importance in 
the difficulties mentioned. Ever since our investiga- 
tion of this problem began in 1923 we have been 
trying to determine to what extent the excessive 
amount of magnesium sulphate in many samples of 
water in the affected region is a factor in augmenting 
the poor condition of the livestock. Although it was 
very clear from our first studies that this could not be 
the major factor, we have obtained some experimental 
evidence that magnesium sulphate may at times be of 
minor importance. However, the phosphorus defi- 
ciency overshadows it so greatly that we are no longer 
concerned with the water as a major contributing 
factor. 

Readers who are not familiar with this problem 
may be interested to know that the regions of phos- 
phorus-deficient soil and correspondingly poor live- 
stock are not confined to Minnesota, North Dakota and 
Montana, mentioned by Dr. Allison. Similar condi- 
tions have been reported on the coastal plain of Texas, 
on both the Wisconsin and Michigan sides of Lake 
Michigan and in limited areas in New York. There 
is some evidence that the trouble occurs in the irri- 
gated section of the Southwest and intermountain 
region. It is also rather common in other parts of 
the world—in Europe, Africa, Australia and New 
Zealand. The investigations of phosphorus deficiency 
in South Africa by Theiler? are the only ones com- 


10. H. Eckles, R. B. Becker and L. S. Palmer, ‘‘A 
Mineral Deficiency in the Rations of Dairy Cattle,’’ 
Minn. Agr. Exp. Station Bull. 229, 1926; L. S. Palmer 
and C. H. Eckles, ‘‘Effect of Phosphorus Deficient 
Rations on Blood Composition in Cattle,’’ Proc. Soc. 
Exp. Biol. Med., 24: 307, 1927; L. S. Palmer, ©. H. 
Eckles and D. J. Schutte, ‘‘Magnesium Sulfate as a 
Factor in Retention of Calcium and Phosphorus in Cat- 
tle,’? Proc. Soc. Exp. Biol. Med., 26: 58, 1928. 
ae J. Alway, W. M. Shaw and W. J. Methley, 

Phosphorie-acid Content of Crops Grown upon Peat 
Soils as the Index of the Fertilization Received or 
Required,’? J. Agr. Res., 33: 707, 1926. 

A. Theiler, Cause and Prevention of Lam- 
tiekte,’’ J. Dept. Agr. (Union S. Africa), 1: 221, 1920. 
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parable in extensiveness to our own studies in Min- 
nesota. 

The economic condition of many of the farmers in 
the affected regions of Minnesota is pitiable. The 
seriousness of the situation becomes apparent when 
it is realized that these people have no surplus cash 
income with which to start alleviating their plight 
through the purchase of fertilizers or proper feed 
supplements rich in phosphorus. 

L. S. PauMER 
C. H. 


UNIVERSITY OF MINNESOTA, 
AGRICULTURAL EXPERIMENT STATION 


AGE OF THE HOUNSFIELD BENTONITE 


THE Hounsfield bentonite, here defined, has its type 
section in the small quarry just north of the Dexter- 
Brownville road two miles east of the town of Dexter, 
Jefferson County, New York; the township of Houns- 
field is a mile south of the locality. In the quarry it 
oceurs as a bed of gray-white, homogeneous clay 
reaching three eighths inch in thickness lying above 
the Leray limestone and below the Watertown lime- 
stone in the Chaumont formation of Ordovician, 
upper Black River age. In Ontario the Hounsfield 
oceurs within the intermediate Glenburnie member of 
the Chaumont near Kingston and in the Coboconk 
limestone of the Lake Simcoe district; in the upper 
Mississippi Valley it is found consistently within two 
feet of the base of the Spechts Ferry member of the 
Decorah formation; the presence of the bed has been 
reported in Minnesota and Tennessee. 

The fact that the Hounsfield bentonite has been 
found to occupy the position that it has in the type 
Black River section establishes a new basis for the 
correlating of beds in other regions within which the 
bentonite occurs with those in the type section. 


G. Kay 
COLUMBIA UNIVERSITY 


REGULATION OF BODY TEMPERATURE IN 

OPOSSUMS OF THE GENUS MARMOSA 

RecEeNTLY in Science (April 25, 1930) under the 
title “Banana Stowaways Again,” Robert K. Enders 
records another instance of the small marsupial, genus 
Marmosa, coming into this country with bananas from 
Central America. Since they are supposed to feed 
only on ripe bananas he is perplexed at their ability 
to withstand such a long journey without food, only 
green bananas being available, and in a temperature 
much lower (57° F.) than they are accustomed to in 
their native habitat. 

It has oceurred to me that possibly the explanation 
may be the very fact that they were kept in “eold 
storage” with a constant temperature of 57° F. during 
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the voyage to New York City and also during the 
seven days’ trip from there to Albany. 


It is known that the capacity for temperature regu- 


lation is imperfect in the lower mammals as the 
-monotremes and marsupials. Sutherland reports the 
temperature of the wombat to be 34.1° C. Martin 
also suggests that the power of marsupials to regulate 
' body temperature is less than that of higher mammals. 

Might it not be possible that these small opossums 
of the genus Marmosa, kept in a subnormal tempera- 
ture, were unabie to maintain their body temperature 
and became lethargic or partially so with the conse- 
quent reduction of metabolic activities? Under such 
conditions no food taking would occur and with the 
metabolic rate greatly lowered the animals could sur- 

_ vive extended periods of adversity. This would be 
still more plausible for the immature individuals as 
the young of many mammals do not have the regula- 
tion of body temperature well established at first. 

It would be extremely interesting to make some 
observations on the variations in body temperature 
of this particular genus of opossums and also to find 
out their behavior when placed in an environment 
with the temperature as low as 57° F. It happens 
that this temperature approaches very closely to the 
ideal hibernating temperature of mammals exhibiting 
this phenomenon, with which I have had some experi- 


Otis WADE 


DEPARTMENT OF ZOOLOGY AND ANATOMY, 
UNIVERSITY OF NEBRASKA 


CONCERNING OWL ATTACKS 

In a note in Scrence for November 1, 1929, atten- 
tion was called to the attacking of persons in Mor- 
gantown, West Virginia, by screech-owls, and a vague 
inguiry was made as to whether others had had a 
similar experience. 

It was not long before the inquiry was answered 
so emphatically as to leave no doubt as to the fairly 
common occurrence of this experience. 

Several answers appeared in forthcoming issues of 
Screncg, and the author received personal letters from 
more than a dozen individuals seattered from Oregon 
and Texas to Ontario, Canada. Several of the writers 
were college professors, two were physicians, one was 
an eminent chemist, one was apparently a lumberman 
and the occupations of the others could not be deter- 
mined from their letters. 

Several mentioned specifically the screech-owl as 
the attacking bird; one said the attack was by a great 
horned owl; one bird was apparently the snowy owl, 
and a few writers did not name the owl. 

In most cases the attack was at dusk, though one 
was at dawn and one on a moonlight night. 

Five of the writers said the owls had nests or young 
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near by, and gave that as the cause of the attack 
One writer thought the owl mistook the hair on the 
head of the person attacked for some mamma] op 
which it preyed. 

Several persons said that the owl swooped down 
close to the head, snapping its beak but not actually 
touching the one attacked. 

A majority of the correspondents reported the vic. 
tim struck with claws or beak and sometimes pain- 
fully injured. In one case a lumber-jack was said to 
have “carried a sore neck for a number of months.” 
In another case a Louisiana Negro lost an eye by 
the attack of an owl. i 

In a certain part of one town policemen were much 
annoyed by the attacks of owls. 

The following list will show the wide distribution 
of the persons reporting these owl attacks: 


C. F. Adams, M.D., Indianapolis, Indiana; W. B. 
Anderson, Corvallis, Oregon; Hugh Bahlert, Pound, Wis- 
consin; W. W. Chapman, Mississippi; Watt Chung, New 
York; W. P. Flint, Illinois; L. 8. Frierson, Shreveport, 
Louisiana; Forry R. Getz, Forest Hills, New Jersey; 
Arthur Goshorn, Winterset, Iowa; M. S. Green, New 
York City; R. T. Hall, American Museum of Natural 
History; H. Hapeman, M.D., Minden, Nebraska; Dr. A. 
G. Ingalls, Seneca Lake, New York; Chas. Macnamara, 
Arnprior, Ontario; G. W. Martin, Iowa City, Iowa; L. 8. 
Owens, Lebanon, Ohio; Chas. L. Reese, Wilmington, 
Delaware; Maurice Ricker, Woodside, New York; Thos. 
B. Rogers, Orange, New Jersey; Clarence E. Shaner, 
Westminster, Maryland; A. Sion, Kyle, Texas; O. M. 


- Smith, Stillwater, Oklahoma; T. C. Stephens, Sioux City, 


Iowa. 
AuBert M. 
WEstT VIRGINIA UNIVERSITY 


HOMO SAPIENS, VAR. CHICAGOIENSIS 


Tue following excerpt from Variety, the theatrical 
trade paper, of July 30, may be of interest to the 
readers of ScIENCE: 


What Chi Goes For 
Chicago, June 29. 

Astrology fortune telling joints are popping up along 
Michigan avenue. 

All are getting a terrific play. Fad started with the 
opening of the Adler Planetarium on the lake front in 
Grant Park a few weeks ago. Star peeking house is 
now drawing 3,000 a day, with about half the number, 
as soon as they hit the boulevard again, hot-footing it 
to the star mitt readers, who are charging from $1 to 
$10 for connecting up the stars the folks saw with their 
destiny. 

Play has become so strong local picture house chain 
is working desperately on a plan to bring some of the 
star gazers into the lobbies of their nearby houses, where 
it is planned to spot star teller. 

Ramsay 
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THE BRITISH ASSOCIATION AT BRISTOL 


Mempers of the British Association must be grate- 
ful for the warmth of the reception and for the ex- 
cellence of the arrangements made by the local 
committee for the meeting at Bristol, which ended 
yesterday. Visitors from many provincial universi- 
ties saw with an admiring envy the splendor of the 
new university buildings, due largely to the munifi- 
cence of the leaders of a local industry which has not 
ended in smoke. The great assistance given by the 
members of the family of Wills to the transformation 
of what was recently an unimportant college into a 
fully-equipped university shows that some commer- 
cial magnates understand the point made by Dr. 
Bower in his presidential address as to the value to 
industry of pure research. It is significant that one 
of the most admired contributions to the scientific 
proceedings which received the congratulations of Sir 
Ernest Rutherford and Sir Oliver Lodge, was made 
by Dr. J. E. Lennard-Jones, a young professor of the 
University of Bristol, not yet, but doubtless soon to 
be, a Fellow of the Royal Society. The idle might ask 
to be told the value of Dr.. Lennard-Jones’s efforts to 
track the gyrations of electrons when some of these 
can be described only in a space of six dimensions, 
and when the electrons themselves are bodies, or ideas, 
so elusive that no single one can be identified or 
followed. Or what is to be said of the discovery 
announced by Sir Ernest Rutherford himself, that 
by a new method now in use at the Cavendish Lab- 
oratory the stream of alpha particles emitted by 
certain excited elements is a complex composed of 
subsidiary streams moving with different velocities? 
Or what value are we to assign to the large number 
of technical papers which occupied most of the time 
of the Sections, although even their titles conveyed 
nothing to the uninitiated? Let it be said in passing 
that one of the features of the Bristol meeting, im- 
possible to reproduce in a general newspaper, was the 
scientific value of the detailed papers which were 
read. As is almost inevitable, there were contribu- 
tions which, from their subject, or title, or from some 
extraneous attachment achieved a publicity beyond 
their intrinsie merits. But these were exceptions. 
The great part of the proceedings, except the presi- 
dential addresses, which in most cases were wisely 
adapted to less specialized listeners or readers, con- 
sisted of genuine contributions to knowledge, di- 
rected only to experts and with no plain bearing on 
practical affairs. What of them? 


SCIENCE 
QUOTATIONS 


A clue may be found in the animated discussion 
held by the chemists on the past history, present 
position, and future prospects of the dyestuffs in- 
dustry. There was what may be called the Woad 
epoch of dyes which lasted until little more than 
half a century ago. The colors used in textiles and 
many other industries were natural products coming 
from plants or animals or minerals. It is an old 
story with a modern lesson that the scientific curiosity 
of Perkins, an Englishman, led to the building up, 
from the waste products of the distillation of coal, 
of artificial dyes more brilliant than Tyrian purple, 
more lasting than saffron and indigo, and without 
limit in their shades and tones. The discovery of 
synthetic dyes, this by-product of pure research, led, 
although not in this country, to the founding of an 
industry invaluable to the world not only for its 
primary output but also from the circumstance that 
it has required, created, and supported an army of 
research chemists. The labors of these men enabled 
Germany not only to secure almost a monopoly of 
the production of dyestuffs, but also to take the lead 
in the discovery and marketing of synthetic drugs, 
and, in the hour of her need, to thwart the en- 
deavours of the Allies to deprive her of munitions of 
war. This is not the place to read the fiscal lesson as 
to how far British apathy in the past has been re- 
deemed by the partial protection of a basal indus- 
try, or to discuss the necessity, urged by a great ma- 
jority of the experts in the Chemical Section, of a 
further extension of the Dyestuffs (Import Regula- 
tion) Act, 1920. But the scientific lesson is plain. 
In the modern world a nation can not expect to hold 
its own, unless it encourages in the fullest way fun- 
damental, unoriented research into the areana of 
Nature, and unless it is alert to take immediate ad- 
vantage of every practical outcrop of such research. 
The activities of the British Association for the Ad- 
vancement of Science are to be welcomed, therefore, 
in the first place because they bring specialists to- 
gether in conspiracy for the progress of knowledge, 
even if their deliberations be in terms and on sub- 
jects beyond the comprehension of laymen; and next 
because they give an annual opportunity to science to 
explain the intrinsic interest of the exploration of 
Nature and the vast practical boons that have come 
in the past, and may come at any moment. As it ap- 
pears that more funds are required to stabilize the 
organization of the Association, all will wish success 
to the Centenary Fund for which the Council is ask- 
ing.—The London Times. 
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SCIENTIFIC BOOKS 


The Biological Control of Insect and Plant Pests; A 
Report on the Organization and Progress of the 
Farnham Laboratory. By W. R. Tuompson. His 
Majesty’s Stationery Office, London. 124 pp., 8 
plates. Royal octavo. E. M. B. 29. 


The Cocoanut Moth in Fiji: A History of its Control 
by Means of Parasites. By J. D. Toru, T. H. C. 
TayLtor and R. W. Paine. Imperial Bureau of 
Entomology, London, published for the Government 
of Fiji. vi+269 pp., xxxiv plates, 119 text figs. 
Imperial octavo. 


Among the very many useful and important things 
that the Empire Marketing Board has done for the 
British Empire, its support of the Imperial Bureau 
of Entomology appeals strongly to workers in applied 
entomology all over the world. And the publications 
listed above must appeal to every one interested in 
agriculture. 

Dr. W. R. Thompson, a Canadian by birth and for 
many years working as one of the foremost experts 
of the U. S. Bureau of Entomology, has for more 
than twenty years been studying various aspects of 
natural control, perhaps especially that part of this 
control brought about by the insect enemies of in- 
jurious insects. This long study by a man who is as 
sound a thinker as he is as an observer, and who in 
addition was the first of the entomologists to apply 
mathematics to the solution or explanation of such 
problems, renders his writings most important and 


provocative of lucid thought. When Dr. Thompson 


left the service of the United States government and 
became the superintendent of the Farnham House 
Laboratory it was a sad day for us; but we were 
readily consoled by the thought that all this work 
is for the ultimate good of all peoples and that the 
British Empire, including as it does possessions in 
practically every faunal zone of the globe, affords 
him a broader field for study and for the exploitation 
of his sound ideas. 

The Farnham House Laboratory was not founded 
until 1927, and it exists for the furtherance of the 
control of the pests of agriculture and forestry by 
what is termed the biological method. The present 
publication is perhaps principally a report on the 
organization and program of the work of the labora- 
tory, but it contains a most important general account 
of the problems that arise in natural control work and 
of the theoretical considerations that indicate lines of 
necessary research. No one could have done this 


better and more authoritatively than Dr. Thompson, 
and the paper under consideration will long be studied 
by those who wish to engage in such work in the most 
intelligent way. 

The whole general problem is discussed in a most 
competent way, but students will probably welcome 
especially the section entitled “The Principles and 
Organization of Work on Biological Control,” since 
it not only points out many vitally important things 
but gives consistently the reasons. No one without 
Dr. Thompson’s long experience, beginning about 1910 
in the gipsy moth parasite laboratory, could have done 
this so competently. Of especial interest is the long 
and somewhat philosophical treatment headed “The 
Results of Experiments.” The author repeats some 
of his more or less theoretical arguments previously 
published, but restrains his mathematical tendencies 
to a single formula, much to the advantage of his 
non-mathematical readers. 

The work already under way at the laboratory is 
discussed in some detail, and it is a delightful surprise 
to learn of its great scope. Not only are well-ad- 
vanced investigations on the parasites of more than 21 
insect pests of prime importance under way, but the 
control of noxious weeds, a subject of vital importance 
in New Zealand and Australia, has been assigned to 
the laboratory. A long list of projects submitted by 
dominions and colonies is given, and a partial but 
sufficiently full bibliography follows. 

The Farnham House Laboratory is probably as 
well situated as it could be in England. It is well 
equipped and well staffed, and under its present most 
able director we may look for important results. The 
eight plates are for the most part photographie rep- 
resentations of the laboratory, its apparatus and 
methods. 

There have been several dramatic and apparently 
completely successful experiments in the transfer 
from one country to another of parasitic or predatory 
insects. The introduction of the Australian Novius 
cardinalis into California in the 1886’s heads the list. 
On the basis of that classic experiment has been 
founded most of the later work which now has become 
world wide. No introduction into continental regions 
has quite equaled it in its finality, although the intro- 
duction of Prospaltella berleses from the United 
States into Italy to destroy the mulberry scale seems 
to approach it, and the carriage of Aphelinus mali 
from the United States to France, New Zealand, Aus- 
tralia and a number of other countries to kill the 
woolly apple aphis has been a repeated success. 
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Moreover, many other experiments of this sort have 
been moderately successful. 

But, as has often been pointed out by writers, such 
introductions into islands of a simple native fauna 
and flora have a far better chance of success, as has 
been shown strikingly in the work that has been going 
on for nearly forty years in Hawaii. In fact it is 
fair to say that the important sugar industry of those 
islands almost owes its existence to-day to the work 
of this character done by Perkins, Muir and their 
colleagues and successors. 

And now another dramatic achievement of this in- 
sular character has been brought about, and the story 
is told in all necessary scientific detail in the second 
of the publications listed above. 

Copra is, next to sugar, the most important industry 
in Fiji, and since 1877 the foliage of the cocoa palms 
has been eaten by the larva of a zygaenid moth 
(Levuana iridescens) in increasing amounts until by 
1924 the industry was threatened with absolute ruin. 
The green palms all over the island had become a 
dingy gray. Attempts to retard the increase and 
spread of the insect had utterly failed. In 1924 at 
the Wembly exposition in London, Sir J. M. Hed- 
strom, of Fiji, consulted with the home authorities 
and on the advice of Dr. (now Sir) G. A. K. Marshall 
it was decided to undertake a competent, and if neces- 
sary, long-time entomological investigation. Mr. Tot- 
hill, who had had much experience in biological con- 
trol investigations in Canada and the United States, 
was appointed director of the campaign with Messrs. 
Taylor and Paine as assistants. The campaign was 
financed by a tax of two shillings and sixpence per 
ton of copra and an equal contribution from the gen- 
eral revenues, making an annual budget of £5,000. 

It soon developed that a curious situation existed. 
The insect could be found only in Fiji, and yet no 
native parasite existed there. Explorations by H. A. 
Simmonds (then acting entomologist) in 1923, includ- 
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ing the New Hebrides, Bismarcks, Solomon Islands, 
Lord Howe Island, Norfolk Island and North West 
New Guinea, did not result in the finding of the pest 
or of any allied species. It was therefore necessary 
to look elsewhere and to find if possible closely allied 
insects that were parasitized. Therefore Mr. A. M. 
Lea, government entomologist of South Australia, was 
sent to Malay and Java and eventually discovered and 
imported several parasites from Java of the allied 
genus Artona. 

To cut a long story short, one of these parasites 
sent in from the Federated Malay States by Mr. B. 
A. R. Gater was a tachinid fly described by Aldrich 
as Ptychomyia remota, and this fly has proved to be 
the salvation of the islands. Although apparently 
normally a parasite of Artona catoxantha, it readily 
attacked the Levuana caterpillars and at the present 
time controls the pest perfectly. 

The volume published by the Imperial Bureau of 
Entomology for the government of Fiji is wonder- 
fully well done. In the introduction the authorship 
of the respective parts is carefully explained, and in 
the body of the book there is given in detail the his- 
tory of the plague, an account of the recent campaign 
and a full account of the Levuana moth from the 
systematic, morphologic and biologic points of view 
and a very full account of the parasites and of the 
zygaenid moths most closely related to Levuana irides- 
cens. The plates are beautifully done, a number of 
them being in colors. 

The great value of the tachinid flies has always 
been recognized by the agricultural entomologists, but 
this is the first time in the history of parasite intro- 
duction that one of them has accomplished such a 
dramatic result. We are indeed fortunate that the 
whole story has been published and with such detail 
as to its scientific aspects. 

L. O. Howarp 

U. S. BurEau or ENTOMOLOGY 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A VARIABLE RESISTANCE PNEUMOGRAPH 
AND AN ELECTROMAGNETIC 
TAMBOUR 


In making kymograph or photographie records of 
such variables as muscle movements the use of air 
pressure systems, t.e., pneumographs and tambours, 
involves several difficulties. Air leakage possibilities 
are always present, and, what is sometimes even more 
productive of error, the pneumatic system requires 
the making of records in close proximity to the vari- 


able being recorded. The constant attention which 
must be paid to such apparatus has made it appear 
that electrical equipment might be utilized to the ex- 
clusion of air systems. 

The device described is basie for a large number of 
specific pieces of apparatus which may be constructed 
by the individual experimenter. 

Fig. 1 shows the light, soft iron lever carrying a 
mirror or marking directly on the kymograph drum. 
The excursions of the lever may be delimited by a 
variable resistance (R). The primary control of the 


et 
369 
: 
: 
+} 
F 
Ber 
‘a + 
we 
3 be 
a 
hed 
wee 
a 
4 
* 
f 
4 
AE 
ar 
q 
a 
a 
“if 
> 
= 
. 


370 


ER 


Fic. 1. V., V., balanced, variable resistances; Bat., bat- 
tery; R., limiting, control resistance; M,., M2., 
electromagnets; L., soft iron lever. 


lever, however, is a function of the balanced variable 
resistances in the outer electromagnet circuit. 


tance in this case being varied by a wire passing over 
the pulley-mounts of a modification of Hall’s spiro- 


graph belt, and by an opposition spring. If in the 


diagram the arrow indicates the direction of the 
movement of the resistance contacts away from the 
indicated balanced or zero position upon inspiration, 


the electromagnet (M,) will be energized, attracting 


the lever and resulting in a downward record on the 


kymograph. With expiration the resistance of the 


cireuit will be changed, and the lever arm will pass 
through the base line (zero) position and upward 
under the influence of (M,). The resistance of the 
equal variable resistances, the resistance of the de- 
limiting control (R), the size of the electromagnets 
and the voltage applied to the circuit will depend on 
the specific uses of the equipment and the distance at 
which it is desired to operate the electromagnetic 
tambour. 
Lyman JupsoNn 


SPEECH CLINIC, 
Kansas STATE TEACHERS COLLEGE 
E. GrirritH 


UNIVERSITY OF IOWA 


BRAZILIN STAIN ON SMEAR PREPARA- 
TIONS OF OENOTHERA POLLEN 
MOTHER CELLS 

For the study of chromosomes in Oenothera pollen 
mother cells it has been the experience of many that 
the aceto-carmine method of smear preparations does 
not yield satisfactory results. Recently, however, 
Belling in his paper’ and lately in his book? has 
recommended the use of a rather uncommon stain, 
brazilin, in connection with smear preparations for 


iJ. Belling, ‘‘A Method for the Study of Chromo- 
somes in Pollen Mother Cells,’’ University of California 
Publications in Botany, 14 (No. 9): 293-299, 1928. 

2J. Belling, ‘‘The Use of the Microscope,’’ 315 pp., 
McGraw-Hill Book Company, 1930. 
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When 
used, for example, in making thoracic breathing rec- 
ords, the variable resistances are secured on a light 
frame and activated by a simple cog device, the resis- 
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the study of chromosomes in pollen mother cells. The 
writer, after having tried and abandoned the aceto- 
earmine method, resorted to this recent method of 
Belling. This was used on the pollen mother cells of 
different species and mutants of Oenothera, and the 
results thus obtained in picturing chromomeres, 
chromosome rings and other configurations were of 
such an order of excellence that the description of 
the technique becomes advisable. The following pro- 
cedure, based mostly on Belling’s original method, was 
found most useful with Oenothera pollen mother cells, 

The Oenothera buds are collected in the field and 
may be put in a vial containing water to keep them 
fresh. In the laboratory the segments of anthers are 
clipped off and arranged side by side on a microscope 
slide. To assure getting mitotic figures it is advisable 
to place on the slide anthers from buds of different 
sizes. A second slide held crosswise is then squeezed 
circularly with force enough to firmly extrude the 
pollen mother cells. The placing of anther segments 
on the slide and the squeezing should last not more 
than one minute. The two slides are then immedi- 
ately inverted over parallel supports placed in a dish 
containing the fixing fluid. This fluid is a mixture of 
equal parts of two solutions which Belling designated 
as Solution A (chromic acid erystals 5 g, glacial 
acetic acid 50 ce, distilled water 320 ec) and Solution 
B (formalin 200 ce, distilled water 175 ec, or espe- 
cially for metaphase preparations formalin 100 ce, 
distilled water 275 ec). The two solutions are mixed 
only when ready for use. Oenothera anthers seem to 
be sufficiently fixed in from 2 to 6 hours, but 3 to 4 
hours’ fixation has been found to give excellent prepa- 
rations. The slides are then transferred to a dish 
containing 4 parts of water and one part of solution 
A. Here they are placed right side up and the thick 
fragments and anther walls may be removed. They 
are left in this dish from 10 to 15 minutes in order 
to remove the formalin of the fixative. The slides 
are then run through 15 per cent., 30 per cent. and 
50 per cent. alcohols (3 to 5 minutes each) up to 70 
per cent. where they are left overnight. From 70 per 
cent. aleohol they are put in a mordant solution (1 
per cent. solution of ferric ammonia alum in 70 per 
cent. alcohol). The mordant solution is always pre- 
pared fresh. They remain in the mordant at least 
overnight. From the mordant, the slides are washed 
from 30 minutes to one hour in 70 per cent. alcohol. 
After being washed, they are then put in one half per 
cent. of brazilin stain in 70 per cent. alcohol. (Bra- 
zilin stain solution was found ripe a week after it 
had been prepared.) The ripe brazilin solution sufli- 
ciently stained the slides within 2 to 6 hours. They 
are then washed briefly in 70 per cent. alcohol and 
differentiated in 1 per cent. iron alum ammonia in 
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70 per cent. alcohol. When examined under the 
microscope, smears rightly stained with brazilin show 
the chromosomes brownish-black or black, the cyto- 
plasm pink or straw colored and the cell wall color- 
less. ‘The small chromosomes of Oenothera at the 
prophase, in rings or chains, are distinctly clear. 
Threads in synizesis stages can be easily observed. 
After correct differentiation which may last from 5 
to 10 minutes, the slides are washed in 70 per cent. 
alcohol and 95. per cent. aleohol (5 to 10 minutes 
each). They are then passed (2 to 5 minutes each) 
through (a) absolute alcohol, (b) mixture of equal 
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volumes of absolute aleohol and cedar oil, (c) mix- 
ture of equal volumes of xylol and thin cedar oil, 
(d) mixture of 9 parts xylol and one part cedar oil 
and finally (e) absolute xylol. The preparations are 
mounted in Canada balsam. Critically sharp and 
clear figures are shown by the preparations when 
viewed in the microscope with oil immersion objective, 
and the use of Wratten filters may even be dispensed 
with. 
Jos& M. CaPINPIN 


BIOLOGICAL LABORATORY, 
PRINCETON UNIVERSITY 


THE AMERICAN ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE 


JOINT MEETING OF THE EXECUTIVE COM- 
MITTEE OF THE AMERICAN ASSOCIA- 
TION AND THE EXECUTIVE COM- 
MITTEE OF THE PACIFIC 
DIVISION 
THE executive committee of the American Associa- 
tion met in joint session with the executive committee 
of the Pacifie Division at the Faculty Club of the Uni- 
versity of California, Berkeley, on Wednesday, Sep- 
tember 17. The following members were present: 
Cattell, Curtiss, Millikan and Morgan, of the national 
executive committee, and Barnett, Benfield, Clausen, 
Loeb, Martin, Moore, Smith, Vaughan and Luck, of 
the Pacifie Division. Morning and afternoon sessions 
were held. The following items of business were 

transacted : 

1. The minutes of the meeting of April 27 were 
ordered approved as circulated. 

2. A report of the permanent secretary under date 
of September 1, 1930, was presented. The financial 
condition of the association was shown to be satis- 
factory, although the need of caution in embarking 
upon new expenditures of any considerable magni- 
tude was indicated. Receipts have increased with 
growth in membership, but expenditures have grown 
steadily as the activities of the association have ex- 
panded. It is becoming increasingly desirable that 
local guarantees for the support of the meetings be 
large enough to eover the costs without drawing upon 
the current funds of the association. Plans have not 
been formulated for financing the newly inaugurated 
summer meetings. About $2,500 of the current funds 
for 1929-30 will be carried over into the new fiscal 
year. In addition, there are reserves of approximately 
$7,200 in the publication, meeting and emergency 
funds. The membership of the association now ex- 
ceeds 19,000, an increase of 600 in the past year, and 
of 7,500 during the decade, 1920-1930. About 50,000 


letters will be sent out in October to members of asso- 
ciated organizations inviting the recipients to mem- 
bership in the American Association. Fifteen thou- 
sand others will be cireularized before the Cleveland 
meeting. The new fellowship nomination plan has 
resulted in the nomination of several hundred candi- 
dates by the respective section committees. The total 
number of fellows now approximates 6,000. 

3. The resignation of Dr. S. F. Trelease from the 
secretaryship of the council was announced. Dr. Tre- 
lease is also withdrawing as program editor, a posi- 
tion which he has ably filled for a number of years. 
A committee was appointed consisting of J. McK. 
Cattell, D. R. Curtiss and B. E. Livingston to nomi- 
nate, for consideration by the council, successors to 
Dr. Trelease. 

4. The chairman summarized an extensive report 
from Dr. Rodney True, secretary of the committee of 
one hundred on scientific research. The work of the 
committee in encouraging and promoting the adoption 
of adequate salary scales by universities has received 
commendation. The committee seeks authority to 
solicit from some suitable foundation an appropria- 
tion of $20,000 to further this phase of the work. It 
proposes that a representative be engaged to study the 
policies on salary, research, retirement provisions and 
teaching load, as practiced within a large number of 
American colleges and universities. The secretary of 
the committee of one hundred on scientific research 
was instructed to call a meeting of the committee at 
Cleveland to consider the work and organization of 
the special committees. 

5. The relations between the social and natural sci- 
ences in the Pacific Coast region were considered. The 
special committee, appointed to inquire into these re- 
lationships, reported that steps should be taken in the 
organization of the Pasadena meeting to develop a 
special program for the social sciences. Specific 
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recommendations with this end in view were made. 


The committee is in agreement that the time is ripe 
for the promotion of close relationships between these 


two fields of knowledge. The committee was author- 


ized to coopt three members in the social and economic 


sciences within the Pacific region. 

6. The Xi Sigma Pi Forestry Fraternity was re- 
ceived into membership as an associated society. 

7. The Academy of Science of St. Louis was elected 
an affiliated academy. 

8. Resolutions adopted by the Southwestern Divi- 
sion of the American Association at its eleventh an- 
nual meeting were received. 

9. T. H. Morgan, president of the American Asso- 
ciation, was appointed by the chairman to be the rep- 
resentative of the American Association for the Ad- 
vancement of Science at the inauguration of Robert 
Gordon Sproul as president of the University of Cali- 
fornia. 

10. The appointment of a representative to the ad- 
visory board and council of the Association of Inter- 
national Patentees was deferred pending the receipt 
of further information. 

11. J. C. Merriam was appointed to represent the 
American Association for the Advancement of Sci- 
ence on the council of the National Parks Association. 

12. The election of a permanent secretary to suc- 
ceed Dr. B. E. Livingston was considered at length. 
The chairman reported that 144 nominations had been 
received. Although a preliminary selection of candi- 
dates was made, it was agreed that final action must 
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await the settlement of several questions pertinent to 
the organization and work of the association. There 
is the possibility of reorganization along regional 
lines, in the event of which several part-time secre. 
taries would be required. The nature of the responsi- 
bilities and duties of the permanent secretary, the 
desirability of part-time or full-time service, the loca. 
tion of the association headquarters and other related 
matters require decision before an election is made, 

13. The third week of June, 1931, was approved as 
the time of holding the Pasadena meeting, unless the 
local committee should regard the fourth week as 
preferable. The duration of the meeting was left to 
the decision of the executive committee of the Pacific 
Division, which, with the local committee, was en- 
trusted with the arrangements and organization of the 
meeting. 

14. On nomination by Walter S. Adams and R. A. 
Millikan, the executive committee of the Pacifie Divi- 
sion elected the following as members of the local 
committee for the Pasadena meeting: 


Paul Merrill, chairman, Mount Wilson Observatory. 
H. D. Babcock, Mount Wilson Observatory. 

John P. Buwalda, California Institute of Technology. 
E. C. Watson, California Institute of Technology. 
Linus Pauling, California Institute of Technology. 

R. O. Schad, Huntington Library and Art Gallery. 


15. The committee adjourned to reassemble in Oc- 
tober or November at the call of the chairman. 
J. Murray Lucx, Secretary, 
Pacific Division 


THE NATIONAL ACADEMY OF SCIENCES 


Art the autumn meeting of the National Academy 
of Sciences, held in California from September 18 to 
23, the following papers were presented at the meet- 
ings held at the University of California and the Cali- 
fornia Institute of Technology: 


Design problems of the Golden Gate bridge: CHARLES 


. DERLETH, JR. (introduced by A. O. Leuschner). A cen- 


tury ago suspension bridges were built with iron chains. 
Vertical suspenders supported the floor and live load. In 
1816 Telford built the Menai Bridge with a 580-ft. span. 
The bridge over the Danube at Budapest had a 666-ft. 
span; the Clifton Bridge near Bristol, England, a 702-ft. 
All had iron chains. The first iron drawn wire cable was 
introduced in 1816 by White and Hazzard for a foot 
bridge across the Schuylkill at Philadelphia, span 408 ft. 
Since then there has been gradual development using 
straight wire cables. Long spans soon were built in 
America at New York, Niagara Falls and across the 
Ohio. Until recently the maximum spans did not exceed 
1,600 ft. Modern erection methods, the introduction of 
the deflection theory, improved devices for cable spin- 


ning, etc., have made possible great openings. To-day a 
3,500-ft. span is building across the Hudson River and 
one of 4,200 ft. has been designed for the Golden Gate 
at San Francisco. Rankine in England and Ritter in 
Switzerland developed the rigid stiffening truss assuming 
that the suspended truss remains absolutely rigid under 
live load, the original cable curve being undisturbed. 
The assumption involved the elimination of dead load 
stresses in the stiffening truss. As spams increase, the 
error of this assumption is serious and uneconomic. For 
long spans a stiffening truss of reasonable proportions 
becomes increasingly flexible, changing the shape and 
deflection not only of the stiffening truss but also of the 
cable. These distortions can not be neglected. The 
cable, suspenders and stiffening truss constitute one com- 
posite elastic structure. Distortions of one part affect 
the stresses in all the others. The cable is the most rigid 
member. The stiffening trusses relatively are slender. 
Therefore any change in shape of the cable curve causes 
the total cable tension to affect the stiffening truss. 
Thus the dead loads in the cable tension introduce 
stresses due to dead load in the stiffening trusses. In 
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the design of long-span bridges in recent decades, the 
deflection theory has shown that by its application 
marked economies can be introduced. The elastic theory 
of Mueller-Breslau and Melan no longer is applicable. 
When applied, the elastic theory gives stresses which are 
incorrect and much greater than they should be. 


The earthquakes of November 28, 1929, and the surface 
layers of the earth in California: Perry BYERLy (intro- 
duced by A. C. Lawson). On November 28, 1929, at 
about 11h. 49m. A.M., P.S.T., the west central section of 
California and the neighboring portion of Nevada was 
shaken by an earthquake which reached an intensity of 
VII on the Rossi-Forel scale near Aberdeen, California. 
A study of the records of this earthquake from eleven 
stations in California and Nevada has been made. The 
epicenter was placed at 37° 31’ North Latitude, 119° 02’ 
West Longitude. The time of occurrence was 11h. 48m. 
52s. This epicenter is consistent with the area in which 
the earthquake was felt since it is near the center of that 
area although it is not at the point where the greatest 
intensity was reported. It is consistent with the direc- 
tions from the three of the nearer stations as given from 
the first arriving longitudinal wave. However, the direc- 
tion method in this case is open to some error. This 
epicenter allows a reasonable explanation of the travel 
time curves and was adopted after many trials. The 
arrival times of the various waves at each station were 
plotted against the epicentral distance of the station. 
It was found that straight lines could be drawn through 
the points and the waves explained as has been done in 
Europe. More than one set of longitudinal waves were 
observed as well as more than one set of transverse 
waves. In this interpretation there are recognized (1) 
the direct longitudinal wave in the upper or granitic 
layer (v=5.8 km/sec), (2) the longitudinal wave along 
the surface, set up by the incidence on the surface of 
the transverse wave from the focus (v=5.5 km /sec), 
(3) the longitudinal wave which has penetrated the inter- 
mediate layer (v=7.4 km/sec), (4) the longitudinal 
wave which has penetrated to the underlying medium 
(v=8.6 km/sec), (5) the direct transverse wave (v=3.3 
km/sec), (6) a later wave probably of surface type 
(v=3.2 km/sec), (7) the transverse wave which has 
penetrated to the underlying medium (v=4.6 km/sec), 
(8) a wave arriving between the two general groups of 
primary and secondary types; the position of its travel 
time curve suggests that this wave may have its genesis 
in the incidence on the surface of the longitudinal wave 
which has penetrated the intermediate layer (v=3.4 
km/sec). A second earthquake, apparently from the 
same focus, occurred some three minutes later. Although 
its beginnings are somewhat obscured by the first earth- 
quake its travel time curves as observed are consistent 
with those of the first shock. The difference in the time 
intercepts of the waves of types (1) and (2) above 
gives a depth of focus for this earthquake of about 4 
kilometers. The positions of the curves of waves (1), 
(3) and (4) lead to values of the thicknesses of the 
layers. It is concluded that the thickness of the granitic 
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layer under this Sierran region is about 30 kilometers. 
The thickness of the intermediate layer is about 35 
kilometers. The writer has recently obtained values for 
the surface layers under the Pacific. These would indi- 
cate that the Pacific region is not in isostatic balance 
with the Sierra region. It is possible that the region has 
not yet had time to attain this balance. 


The dynamic effects of earthquakes on engineering 
structures: LyDIK JACOBSEN (introduced by W. F. 
Durand). Since 1927, a special type of vibration re- 
search has been carried out by the School of Engineering 
at Stanford University. The object of the investigations 
is to study the dynamic behavior of structtres subjected 
to definite types of ground vibrations, especially those 
resembling an idealized horizontal component of the 
earth motion occurring during an earthquake. For eco- 
nomic reasons it is not feasible to make full scale struc- 
tures and to provide for their adequate testing apparatus. 
A program involving experiments on models of common 
types of building construction is therefore being under- 
taken by means of a nine by twelve feet structural steel 
platform mounted on street car wheels. The platform or 
table is capable of executing, simultaneously or indepen- 
dently, two types of motion in one direction, namely, a 
steady, forced, harmonic vibration, and a transitory, free, 
harmonic vibration. The paper contains a short descrip- 
tion of the vibrating table and a summary of the prob- 
lems that are being investigated by the mechanical equip- 
ment. The question of dynamic similitude has been 
given attention from the experimental side; thus, models 
of two simple structures have been built to five different 
seales of the linear dimensions, ranging from full scale 
to one quarter scale. 


The pressure of the wind on large chimneys: Hueu L. 
DRYDEN and GrorGEe C. HILL (introduced by George K. 
Burgess). The practical problem of determining the wind 
pressure to be used in the design of a large chimney re- 
quires for its solution the determination of the variation 
of the wind pressure on a cylinder with the size of the 
cylinder and the speed of the wind. This task is a very 
interesting scientific problem, since experiments on the 
largest cylinders (8 to 12 inches in diameter) which can 
be used in wind tunnels show that the wind pressure on a 
large cylinder is very much less than that which would be 
obtained by increasing the pressure on a small cylinder in 
the ratio of the exposed areas. It is found necessary to 
supplement experiments in wind tunnels by experiments 
on large cylinders in natural winds. Measurements in 
natural winds have been made on an experimental stack 
ten feet in diameter and thirty feet high erected on the 
roof of the West Building of the Bureau of Standards. 
Pressures were measured at twenty-four stations around 
the circumference at a single elevation, about two thirds 
of the height from the base of the stack. The wind speed 
was determined by means of a pitot-static tube mounted 
on a weathervane about ten feet higher than the top of 
the stack. A method for determining the wind speed 
from the distribution of the pressure has been developed 
and the results have been compared with the direct mea- 
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surements. The method assumes that the static pressure 
is equal to the observed pressure on the cylinder at a cer- 
tain zonal angle determined by extrapolation of data ob- 
tained in wind tunnel tests. Direct measurements of the 
overturning moment were obtained by mounting the stack 


_ on pressure capsules. The value of the average wind 


pressure determined from the overturning moment is 
somewhat higher than the value determined from the pres- 
sures at a single elevation. The pressure distribution at a 
single elevation was also measured on the power plant 
stack of the Bureau of Standards. The general conclu- 
sions drawn from the tests are as follows: (1) The wind 
pressure on a chimney at a given wind speed is a function 
of the ratio of the height of the chimney to its diameter 
and possibly also of the roughness of its surface. (2) 
Experiments on small cylinders can not be directly used 
to predict the wind pressure on a full scale chimney be- 
cause of the large scale effect. (3) A wind pressure 
corresponding to 20 Ibs. per square foot of projected area 
at a wind speed of 100 miles per hour is a safe value to 
use in designing chimneys of which the exposed height 
does not exceed 10 times the diameter. (4) The pressure 
may reach large values locally and this may need consid- 
eration in the design of thin-walled stacks of large diam- 
eter. (5) Further experiments are necessary to obtain 
satisfactory information as to the variation of wind pres- 
sure with the ratio of height to diameter. A full account 
of the work is given in Research Paper 221 (‘‘ Wind Pres- 
sure on Circular Cylinders and Chimneys,’’ by Hugh L. 
Dryden and George C. Hill) appearing in the September, 
1930, issue of the Bureau of Standards Journal of Re- 
search, 


Circulation of the waters of the Pacific Ocean as indi- 
cated by their physical and chemical properties: E. G. 
MOosBERG (introduced by T. Wayland Vaughan). The cir- 
culation of the water in the open ocean, especially below 
the surface, can not be measured by direct methods but 
is deduced from the variations in the physical and chem- 
ical properties of the water. By such means it has been 
found that most of the deep water in the Atlantic is de- 
rived from the surface, the sinking of the water taking 
place in the north central part of this ocean. A consid- 
erable amount of water enters the Atlantic from the Ant- 
arctic and moves in two layers, one immediately over the 
bottom and the other at a depth of about 1,000 meters. 
A current system similar to that in the Atlantic has been 
found to exist in the Indian Ocean, and prior to the last 
cruise of the Carnegie it was thought that the circulation 
in the Pacifie resembled that of the other two oceans. 
The temperature and salinity data obtained by the Car- 
negie indicate no important amount of sinking of surface 
water in any part of the Pacific and the relatively high 
temperatures at great depths show that no appreciable 
quantities of water enter the Pacific directly from the 
Antarctic. Furthermore, it was found that the deep 
water in both the North and the South Pacific has a re- 
markably low oxygen content which is incompatible with 
the theory that this water is derived either from the sur- 
face or by a direct route from the Antarctic. It is prob- 
able that most of the water of the Pacific enters south of 
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Australia from the Indian Ocean where is it formed by 
the mixing of water returning from the northern part 
of this ocean with water from the Antarctic. 


On the favorable action of certain fats and of the 
glycerides of certain single fatty acids on animals de. 
prived of vitamin B: Herspert M. EvANS and Samvuen 
LePrkovsky. The addition of fats to a sugar-casein dict, 
as we have already shown, acts to spare body require. 
ments for the antineuritic vitamin B. The attention of 
nutrition students can not fail to be attracted by the fact 
that in spite of the complete withdrawal of B, the inclu- 
sion of 50 per cent. fat in such diets enables animals to 
achieve considerable growth and to survive for many 
months. Controls die within a month. Though the ulti- 
mate growth and survival periods are both lessened, 25 
per cent. fat also bestows favorable effects on animals de- 
prived of B. The effect is slight with cottonseed oil 
(Wesson oil) and only slightly better with lard, but is 
marked with cocoanut oil, whether natural or synthetic. 
(Synthetic cocoanut oil was prepared by saponifying 
cocoanut oil, collecting the fatty acids, washing, distilling 
and finally esterifying them with freshly distilled glyc- 
erol.) The favorable effects of cocoanut oil are not due 
to more complete utilization of this fat, for stool analyses 
showed equally good utilization of the lard and cotton- 
seed oil. Single fatty acids were prepared from cocoanut 
oil. Commercial stearic and oleic acids were purified by 
distillation. Synthetic homogeneous ‘‘fats’’ were made 
as mixtures of di- and tri-glycerides in each case of a 
single fatty acid. Animals deprived of vitamin B were 
not appreciably helped by the inclusion of 25 per cent. of 
the glycerides of stearic, of palmitic or of oleic acid, but 
considerably more by those of laurie or of capric acid. 
On the other hand the glycerides of myristie and capryllic 
acid were surprisingly efficacious. It is possible to look 
upon the favorable effect of cocoanut oil as due to its 
content in these two fatty acids. As was the case with 
natural fats so also with the glycerides of single fatty 
acids, it is impossible to ascribe the favorable effects of 
certain glycerides to their more complete utilization by 
the body; oleic, laurie and caprie glycerides are far less 
efficacious, but are just as well utilized as are those of 
myristic and capryllic acids. We are not at present able 
to assign a particular physical or chemical characteristic 
of fats as the cause of this obscure new physiologic réle 
in connection with water-soluble antiaeuritic B. It is 
further striking that while the separate glycerides of 
both stearic and of oleic acid have little efficacy, a mix- 
ture of these glycerides (four parts stearic with six parts 
oleic) is markedly beneficial to animals deprived of B. 
The facts presented would appear to force us to recog- 
nize new nutritive peculiarities in fats, quite apart from 
their caloric values or their content in the fat soluble vita- 
mins at present known to science. 


The importance of circulatory balance in the survival 
of replanted limbs: Freperick Leer Reicuert (intro- 
duced by Herbert M. Evans). Experience with wounds 
in the World War has definitely indicated that in 
arterial ligation the incidence of gangrene may be di- 
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minished by the simultaneous occlusion of the accompany- 
ing vein. By means of the experimental replantation of 
limbs the effect of simultaneous ligation of the main 
artery and vein to an extremity as compared with the 
effect of ligation of the artery or vein alone has been 
established chronologically. Gangrene does not develop 
if the main vein is ligated five or more days after re- 
plantation whereas the artery alone can not be safely 
occluded until the fourteenth day. The time interval 
essential to a safe arterial ligation can be diminished 
to seven days when a simultaneous ligation of artery and 
vein is performed, It is significant that the survival of 
the extremity after arterial ligation depends on the lapse 
of only a few hours before occlusion of the accompany- 
ing vein. 

Bound water and free water in cells: L. B. Beckine 
(introduced by H. M. Evans). The experiments of de 
Vries which substantiated Van’t Hoff’s analogue on gas 
theory were performed with cells in which the swelling 
capacity of the protoplasm was insignificant. Osmotic 
laws fail to apply when the amount of hydrophilic col- 
loid in cells is large. In the case of organisms living in 
concentrated salt solutions the amount of ‘‘bound’’ 
water is so great that osmotic laws no longer apply. 
Living cells, in general, display both osmotic and swell- 
ing activity. An interpretation of the processes of 
water absorption in terms of vapor pressure has been 
attempted on the basis of Katz’s and Polanyi’s deduc- 
tions on swelling pressure and vapor tension of hydro- 
philie colloids. 


The relation of bile to the intestinal absorption of 
vitamin A in the rat: Cart L. A. SchmMipT and WERNER 
ScuMipT (introduced by T. Wayland Vaughan). Ex- 
periments were carried out on rats which had been main- 
tained on a low level of vitamin A to determine whether 
this vitamin is absorbed from the gastro-intestinal tract 
when bile is excluded by ligating and sectioning the 
common bile duct. The vaginal smear picture was used 
as a criterion to determine the absorption of the vitamin. 
It was found that icterus does not lead to the continuous 
appearance of cornified cells in the vaginal smears of 
animals which had been maintained on a diet adequate 
in vitamin A, When the abdomens of animals which had 
been maintained on a diet low in vitamin A were opened 
and closed surgically without, however, inducing icterus, 
subsequent administration of cod-liver oil restored the 
vaginal smear picture to normal. When icterus was in- 
duced in animals which had been maintained on a diet 
low in vitamin A by ligating and sectioning the common 
bile duet, the subsequent administration of cod-liver oil 
ber os led to the reappearance of the normal vaginal 
smear picture in a certain percentage of the animals. 
This is interpreted as indicating absorption of vitamin 
A from the gastro-intestinal tract in the absence of bile. 
Both the mortality and the percentage of icteric rats 
which failed to respond to cod-liver oil when administered 
subcutaneously or per os are high. In several experi- 
mental icteric rats it was possible to restore the normal 
vaginal smear pictures by administration of cod-liver oil 
per os, then again to deplete the storage of vitamin A 
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to such a level that only cornified cells were formed in 
the vaginal smears and a second time to restore the 
normal vaginal smear pictures by giving cod-liver oil 
per os. 


The origin of limestone caverns: W. M. Davis. It is 
proposed, by extending the theory advocated by the Ger- 
man geographer, Grund, to explain the excavation of lime- 
stone caverns and the prevalent network pattern of their 
passages by the solvent action of ground water below the 
water table; and then to account for their mor” or less 
complete replenishment with dripstones by evaporation of 
percolating vadose water after regional elevation or other 
adequate cause has compelled the withdrawal of the 
ground water and its replacement by ground air. 


Biotic cementation in coral reefs: WILLIAM ALBERT 
SETCHELL. Charles Jarwin formulated a hypothesis to 
account for the origin and development of coral reefs. 
His fundamental arguments relied upon three sets of sub- 
sidiary hypotheses, viz.: I. Depth limitation of reef-form- 
ing corals; II. interconvertibility, i.¢., fringing into bar- 
rier, and barrier into atoll forms; with the resultant 
hypothesis, III, subsidence of the supporting platforms. 
Hypothesis I, founded on observation, is incomplete, since 
it overlooks the important réle of cementing organisms, 
particularly that of the nullipores. Darwin and most 
later observers have assumed, but largely without support-_ 
ing data, cementation, but largely inorganic in nature. 
At present the tendency is to include under coral reefs 
any calcareous reef structures whose components are 
largely corals, and to such an extreme has this view been 
carried that non-cemented structures have been included; 
€.g., reefs, or more properly perhaps reef-like structures 
of coral rubble have been described in all seriousness as 
coral reefs, supposedly in the sense of Darwin, Dana, 
Agassiz, ete., in which ref growth has nothing of sym- 
biotie cooperation to bring about the zonation so funda- 
mental in the discussion of Darwin’s hypothesis. Such 
extension of the term, without proper limitation, confuses 
the issue beyond measure and associates those marvelous 
structures where the cementation is biotic and whose con- 
trolling forces are living organisms with inchoate masses 
thrown into certain form and held to that form by non- 
living, purely physical forces. Such calcareous reefs can 
not have growth in any biological sense, nor can they 
throw light on the origin and development of reefs in the 
Darwin-Dana sense. 


The fossil flora of Goshen, Oregon, and its bearing on 
the problems of climatic change: RaLpH W. CHANEY (in- 
troduced by David White). The Goshen flora of west 
central Oregon is made up of species many of which have 
generic equivalents in the subtropical forests of Central 
America; to a lesser extent the modern forests of central 
and southern China and of the Philippines contain ele- 
ments corresponding to those of the fossil flora. It may 
be concluded that the physical conditions in western Ore- 
gon during the Eocene approached those on the Pacific 
slope of Central America to-day, with a rainfall of about 
70 inches and a relatively high temperature. The Goshen 
flora represents the first unified fossil assemblage of a 
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subtropical type which has been studied on the Pacific 
Coast, where all the later Tertiary floras are typically 
temperate. It has much in common with the Eocene floras 
described from the Gulf states, but differs from them in 
much the same way that the modern forests of the Pacific 
slope differ from those of the Atlantic slope in Panama. 
Containing several genera to-day common to the neo-trop- 
ical and paleo-tropical forests, the Goshen flora may rep- 
resent a record of the northward extension of a forest 
which had its origin in high latitudes at a time when 
there was a greater degree of climatic uniformity than 
now obtains, and whose survivors are found to-day only in 
the lower latitudes of both hemispheres. 


Living micro-organisms in ancient rocks: C. B. LIPMAN 
(introduced by A. C. Lawson). Starting three years ago 
in a search for living micro-organisms in pre-Cambrian 
rocks I have continued the work and, on account of the 
sparseness of the flora in the pre-Cambrian rocks, decided 
to study anthracite coal inasmuch as it promised a richer 
flora. Many experiments have been carried out which 
leave no room for doubt of the existence of a bacterial 
population probably in some spore or resting stage inside 
of anthracite coal deriving both from Pennsylvania and 
from Wales. The final question as to whether these 
micro-organisms have found entrance into the inside of 
the anthracite coal measures in recent time or have been 
locked up in the coal measures from the time of their 
formation is under investigation. 


The spherant, an instrument for observing hour angle 
or latitude directly: Howarp B. Kaster. The instru- 
ment described in this paper and exhibited at the meet- 
ing has been under development at the University of 
California for several years. It breaks the old tradi- 
tion that a navigator, in order to find his position, must 
measure an altitude and then solve a spherical triangle. 
The instrument gives directly either hour angle or lati- 
tude. The observed hour angle, combined with the 


‘proper Greenwich hour angle froma watch or chronom- 


eter, yields the longitude. Usually such latitudes and 
longitudes are not independent but lie along a Sumner 
line, as in the case of reduced sextant observations. The 
advantage lies in the elimination of practically all com- 
putation or use of tables. The instrument has the same 
weight as the average sextant, and with the same amount 
of practice is as easily handled. It is called a spherant. 


A radio system for blind landing of aircraft in fog: H. 
Dr1aMonD and F. W. DuNMORE (introduced by George K. 
Burgess). This system includes three elements in order to 
indicate the position of the aircraft in three dimensions 
as it approaches and reaches the point of landing. (1) 
Lateral position—Such position given for the purpose of 
keeping the airplane directed to and over the runway is 
indicated by two vibrating reeds on the pilot’s instru- 
ment board, the driving electromagnets of which are 
connected to the output of the airplane’s radio receiver. 
These reeds, one of which is mechanically tuned to 65 
eycles and the other to 86.7 cycles, are actuated by a 
radio signal sent from two coil antennas crossed at 90°, 
the signal from one coil antenna being modulated at 65 
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cycles and that from the other at 86.7 cycles. On the 
course (i.e., along the line bisecting the angle between 
the two antennas) the reed vibration amplitudes are 
equal. Off the course they are unequal, the reed vibrating 
with the greater amplitude being on the side to which the 
airplane has deviated. An automatic volume control fea- 
ture is used to keep the reed amplitudes within bounds as 
the field is approached. (2) Vertical guidance—A high 
frequency (100 megacycles, 3 meters) beam directed over 
the runway at an angle of 8° above the horizontal and 
located at the further end of the landing field is used for 
such guidance. On the airplane, the signal current in the 
output circuit of the special high-frequency receiving set 
employed is rectified and passed through a d.c. microam- 
meter mounted on the instrument board. The airplane 
does not fly on the axis of the beam, but on a curved path 
under the beam whose curvature diminishes as the ground 
is approached. The path is the line of equal intensity of 
received signal below the axis of the beam. The diminu- 
tion of intensity as the airplane drops below the beam 
axis is compensated by the increase of intensity due to 
approaching the beam transmitter. Thus, by flying the 
airplane along such a path as to keep the deflection of the 
microammeter on the instrument board constant, the pilot 
comes down to ground on a curved line suitable for land- 
ing. No manipulations on the part of the pilot are re- 
guired. The tuning is fixed. Since a line of constant 
field intensity is followed no control of volume is neces- 
sary. (3) Longitudinal guidance—A field boundary 
marker beacon is used for this purpose. It operates on 
the same carrier frequency as the runway localizing bea- 
con and both beacons are received simultaneously on the 
medium-frequency receiving set. A modulation frequency 
of 1,000 cycles is used. A coil antenna oriented to give a 
minimum signal zone along the border of the field is 
used, the minimum signal indicating to the pilot that he is 
over the edge of the field. 


Some aspects of Martian meteorology suggested by 
the behavior of Martian mists and clouds: W. H. 
WRIGHT. 


The principle of identity: G. N. Lewis. 


On the production of high speed protons: Ernest 0. 
LAWRENCE and N. E. Epuersen (introduced by G. N. 
Lewis). Very little is known about nuclear properties 
of atoms because of the difficulties inherent in excita- 
tion of nuclear transitions in the laboratory. The study 
of the nucleus would be greatly facilitated by the de- 
velopment of a source of high speed protons having 
kinetic energies of about one million volt-electrons. The 
straightforward method of accelerating protons through 


the requisite difference of potential presents great diffi- 


culties associated with the high electric fields necessarily 
involved. Apart from obvious difficulties in obtaining 
such high potentials with proper insulation, there is the 
problem of development of a vacuum tube suitable for 
such voltages. A method for the acceleration of protons 
to high speeds which does not involve these difficulties 
is as follows. Semicircular hollow plates in a. vacuum 
not unlike duants of an electrometer are placed in 4 
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uniform magnetic field which is normal to the plane of 
the plates. The diametral edges of the plates are 
crossed by a grid of wires so that inside each pair of 
plates there is an electric field free region. The two 
pairs of plates are joined to an inductance thereby serv- 
ing as the condenser of a high frequency oscillatory 
circuit. Impressed oscillations then produce an alternat- 
ing electric field in the space between the grids of the 
two pairs of plates which is perpendicular to the mag- 
netic field. Thus during one half cycle the electric field 
accelerates protons into the region between one of the 
pairs of plates where they are bent around on a circular 
path by the magnetic field and eventually emerge again 
into the region between the grids. If now the time re- 
quired for the passage along the semi-circular path in- 
side the plates equals the half period of the oscillations, 
the protons will enter the region between the grids when 
the field has reversed direction and thereby will receive 
an additional acceleration. Passing into the interior of 
the other pair of plates the protons continue on a cir- 
cular path of larger radius coming out between the grids 
where again the field has reversed and the protons are 
accelerated into the region of the first pair of plates, ete. 
Because the radii of the circular paths are proportional 
to the velocities of the protons the time required for 
traversal of a semicircular path is independent of the 
radius of the circle. Therefore once the protons are in 
synchronism with the oscillating field they continue indefi- 
nitely to be accelerated on passing through the region 
between the grids, and spiraling around on ever-widen- 
ing circles gain more and more kinetic energy from the 
oscillating field. For example, oscillations of 10,000 
volts and 20 meters wave-length impressed on plates of 
10 em radius in a magnetic field of 15,000 Gauss will 
yield protons having about one million volt-electrons of 
kinetic energy. The method is being developed in this 
laboratory, and preliminary experiments indicate that 
there are probably no serious difficulties in the way of 
obtaining protons having high enough speeds to be use- 
ful for studies of atomic nuclei. 


The effects of rediffusion of cathode rays upon X-ray 
structure: D. L. Wesster, H. CuarK and W. W. Han- 
SEN, Stanford University. An extremely thin target, 
for an X-ray tube for spectral line intensity measure- 
ments, may be made by depositing the metal to be in- 
vestigated on a block of beryllium. The intensities of 
the lines must then be corrected by subtracting the in- 
tensities due to such cathode rays as are ‘‘rediffused’’ 
from the beryllium, thus penetrating the target a second 
time. This correction was tentatively estimated, in a 
preliminary report! on such measurements, for silver, as 
‘‘a few per cent.?? But Wisshak,? in discussing his 
recent measurements of X-rays from thick targets, dis- 
agrees with our results by much greater percentages, and 
concludes that the difference must be attributed to re- 
diffusion, This makes it desirable to calculate the effect 
of rediffusion more exactly. The question becomes es- 


*D. L. Webster, H. Clark, R. M. Yeatman and W. W. 


Hansen, Proc. Nat. Acad. Sci., 14, 679, 1928. 
F. Wisshak, Ann. der Phys., 5, 507, 1930. 
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pecially important because of Bethe’s? new theory of 
ionization by electron impact. If Wisshak’s data and 
his corrections to them are accurate, Bethe’s theory must 
be quite inapplicable to the inner electrons. On the other 
hand, its deviations from our data are only of the order 
of 10%. So if our data are accurate and our correc- 
tions are small, it is at least a reasonable approximation. 
To calculate these corrections, we need first the redif- 
fusion constant for beryllium. From Schonland’s+ mea- 
surements on other metals, and Wentzel’s5 theory, we 
estimate this as 0.044. We assume the rediffusion 
velocity spectrum to be of a general type found by Wag- 
ner ;* but to insure against the uncertainty in the trans- 
lation of his photographic densities into numbers of 
electrons, calculations are made for a great variety of 
values of the mean energy of rediffusion. It is found 
that for all voltages up to 3 times the excitation voltage 
Vx, the results are but little affected by any reasonable 
changes in this quantity. Taking the intensity at 2 Vx 
as a standard by which to fix the arbitrary intensity 
unit, the correction at voltages up to 3 Vx never exceeds 
3 or 44 per cent.; furthermore, it is partially cancelled, 
by a correction for the lengthening of the paths within 
the silver by diffusion there. The comparison with 
Bethe’s theory, made above, is therefore practically un- 
affected. For thick targets, rediffusion makes the in- 
tensity at any frequency increase less rapidly with 
voltage than it would without rediffusion; so the correc- 
tions are of opposite sign from those for thin targets. 
For silver, expressed as percentages of the intensity, 
they are about 2 to 4 times as great. On continuous 
spectra, these calculations practically verify Kramers’ 
suggestion, that the non-linear term in the continuous 
intensity function is due to rediffusion; but there is a 
residue, probably due to the diffusion occurring before 
rediffusion. For when the cathode rays first lose their 
parallelism, they lose their ability to emit polarized 
X-rays. This initial diffusion therefore affects the in- 
tensities observed in any given direction, and it probably 
accounts, in part at least, for the dependence of the non- 
linear intensity term on the direction. 


Phase rule equilibria of horse serum globulin: ELOISE 
JAMESON and J. W. McBain (introduced by W. C. Bray). 
Although proteins are of great biological importance, still 
no consistent account of the equilibria into which they 
enter can be obtained from existing scientific literature. 
Taking advantage of the recent developments in the isola- 
tion of unaltered proteins as tested by the experiments of 
Svedberg with the ultra centrifuge, a specimen of horse 
serum globulin was prepared by his method. Observa- 
tions were made of the various physical states it could as- 
sume and the conditions under which these forms and 
their solutions may exist. The composition as regards 
amounts of protein, water, salt and acid of the material 
in these states, as well as some other properties, have 
been determined. The study of the equilibria between the 


3 H. Bethe, ibid., 5, 325, 1930. 

4B. F. J. Schonland, Proc. Roy. Soc., A 108, 187, 1925. 
5G. Wentzel, Ann. der Phys., 70, 561, 1923. 

6P, B. Wagner, Phys. Rev., 35, 98, 1930. 
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various forms of globulin and its solutions was carried 
out by analysis of the two phases appearing upon evap- 
oration of a globulin solution, or upon addition of am- 
monium sulphate to the solution, or upon dialysis of the 
same. A remarkable similarity to soap was observed, 
both between the forms of globulin and soap separating 
and the shapes of the areas representing the solutions of 
the two substances. After dilution or concentration of 
globulin solutions and precipitation with ammonium sul- 
phate, points representing analyses of the liquid phase 
fall on the curve found with the original solution, or in a 
special case coincide with a point previously found. Lines 
passing through these points and those representing the 


mixture from which the phases separate indicate that 


these phases are the same as those separating from the 
stock solution. Thus’ the equilibria were found to be re- 
producible and the applicability of the phase rule estab- 
lished. In the case of the globulin form which separates 
on dialysis, resolution and precipitation gave points fall- 
ing below the curve mentioned above. This we suggested 
was probably due to aggregation of the particles brought 
about, perhaps, by surface denaturation of the protein 
during dialysis. It appears that globulin solutions, eu- 
globulin and pseudoglobulin are but three phases of a 
system of the same mother substance, dehydrated globu- 
lin, solutions of globulin being the ordinary isotropic 
solutions, while euglobulin and pseudoglobulin are liquid 
crystalline phases or a liquid and glass which are slightly 
doubiy refracting. 


The heat of formation of water:1 FREDERICK D. Ros- 
SINI (introduced by George K. Burgess). The usually 
accepted value for the heat of formation of water is 
based upon measurements made by Thomsen in 1873, 
Schuller and Wartha in 1877 and Mixter in 1903. The 
most accurate and precise of these data are those of 
Schuller and Wartha, whose average value has an un- 
certainty of nearly 0.1 per cent., practically all of which 
lies in the calibration factor of their calorimeter. The 
procedure employed in the present investigation was to 
determine directly the quantitative correspondence be- 
tween (1) the energy liberated when hydrogen and 
oxygen combine to form a weighed mass of H ,0 and 
(2) a measured quantity of electrical energy, by using 
the calorimeter as the absorber of the two energy quan- 
tities and its temperature rise as the comparator. In 
so far as systematic errors are concerned, the absolute 
accuracy depends only upon the determination of the 
mass of water formed, in grams, and of the quantity of 
electrical energy, in terms of the mean solar second and 
the international volt and international ohm. High pre- 
cision is obtained by the use of proper calorimetric tech- 
nique, a sensitive device for measuring changes of tem- 
perature, a sensitive potentiometric system for measur- 
ing the electrical power input, a precision timing device 
and a suitable balance for weighing the HO formed. 
The data of two sets of nine experiments each give 285,- 
775 international joules per mole (18.0156 g) for the 

1 Published by permission of the director of the Bu- 
reau of Standards, Department of Commerce, Washing- 
ton, D. C. 
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heat of formation of liquid H,O at 25° C., latm. Wit, 
the factors 1.0004 and (1.0004/4.185), this is equivalent 
to 285,890 absolute joules or 68,313 g-cal .. The max. 
imum and the average deviations, in percentages, are, 
respectively: 0.031 and 0.019 in Set I; 0.024 and 0.019 
in Set II. The data of Schuller and Wartha, Thomsen 
and Mixter were recomputed in terms of the interna. 
tional joule. Their average values plus or minus the 
assigned errors are entirely concordant with the value 
obtained in this investigatiqn. 

Diffusion of electrolytes and of colloids in aqueous 
solution: T..H. Liv and J. W. McBarn (introduced by 
W. C. Bray). By standardizing the procedure in the 
Northrop method of confining the diffusion gradient 
within a coarsely porous diaphragm, diffusion coefficients 
are easily obtainable which are reproducible within a 
fraction of a per cent. They agree well with the few 


' good results which the laborious classical methods have 


hitherto produced but they permit of far closer scrutiny 
as to the effects of such factors as concentration. Sub- 
stances in mixtures do not diffuse independently but 
may accelerate, retard or even reverse the diffusion of 
another and an action may be set up resembling that in 
a gaseous diffusion pump. Diffusion data point to in- 
complete dissociation of electrolytes, and the Nernst 
equation for a diffusion at infinite dilution is extended 
to cover high concentrations of potassium chloride. Other 
applications are to cadmium iodide with its complex ions 
and to constituents of soap solutions as colloidal elec- 


trolytes. 


(To be continued) 
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